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PREFACE 


Having  spent  nearly  a  year  actively  working  to  obtain 
satellite  data  and  training  our  forecasters  to  use  this 
data,  we  determined  that  a  need  existed  for  a  publication 
to  be  used  as  a  standard  reference.  It  was  our  desire 
that  the  most  recent  findings  in  the  field  of  satellite 
interpretation  be  included  along  with  the  meteorological 
reasoning  leading  to  those  findings. 


Inspired  by  a  unit  training  reference  constructed  by 
Lt  Wilderooter  of  Det  17,  9WS,  Ellsworth  AFB,  we  set  out 
to  accomplish  a  publication  for  use  throughout  the  Wing. 
Publications  from  NESS,  AWS,  and  other  meteorologists  were 
researched,  thousands  of  satellite  photographs  were  reviewed, 
and  case  studies  selected.  As  each  section  evolved,  NESS 
and  AWS  experts  in  satellite  interpretation  were  consulted 
to  ensure  that  the  meteorological  logic  was  correctly 
applied . 


While  this  Tech  Note  is  not  a  training  program,  we  feel 
it  is  the  most  comprehensive  and  up-to-date  reference  in 
the  field  and  should  be  used  as  the  basis  for  forecasters 
training  in  meteorological  satellite  interpretation  training. 
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INTRODUCTION 


This  Technical  Note  contains  an  orderly  discussion  of 
meteorological  logic  applied  to  the  latest  techniques  in 
satellite  interpretation.  Nearly  300  photographs  were 
selected  to  illustrate  the  concepts  covering  the  entire 
range  of  forecasting  and  analysis. 

Our  goal  in  the  publication  is  to  make  one  reference 
available  which  teaches  forecasters  about  the  things  they 
see  on  the  photographs  and  explains  their  meteorolog ical 
causes . 

We  hope  to  update  the  Technical  Note  as  new  develop¬ 
ments  occur  in  this  rapidly  expanding  field. 
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Kervmber  that  the  satellite  looks  iuwn  .it  :U)uih,  because  of  thi",  night-r  Moods  r,;ay 
obscure  the  existence  of  lower  clouds.  surfact-  ot-serv.it  ions  shoji  t  a!  ways  be  -seo  i  r. 
t  ion  with  satellite  iata. 

Two  pr  in  irv  cons  i-ier. it  ions  when  i  n  t  e  r .  rei  j  ng  ,i  satellite  ;,:u»t«i  ire  resolution  anu  irvuvn^y 
range.  'were  either  the  visible  or  infrared  (IK)  1  l it. n t  regions  sc.jnneO  by  the  satellite? 

The  Cl 'KS  resolution  within  the  visible  range  is  i,  _  ,  -•  or  h  k  i  i  <  -met  ers  beiore  it  is  t  routed  !•> 
the  computer  tor  release  to  the  users.  The  infrared  sensor  on  I  v  has  a  resolution  of  b  km. 

The  visible  sensors  scan  the  r  .id  i  at  ion  transmitted  iron  the  earth  between  .**  and  M  niicruns. 

This  is  the  same  ranee  in  which  the  human  eve  is  sensitive.  Infrared  sensors  scan  tne  radial  i  or. 
err.  it  ted  from  the  earth  between  1  <•.  S  and  i  J .  *>  .-r.icmns.  The  amount  and  ireouency  or  the  radiation 
emitted  from  the  oar  t  li  in  *  he  IK  region  if*  entirely  dependent  upon  t  h**  ter.  traur<*  ot  t  he 
emit  tine  bodv.  A  normal  <a»KS  ta;  infrared  picture  would  snow  the  coldest,  highest  tops  wh.it-, 
and  the  warmest,  lowest  returns  Muck;  this  is  shown  in  the  upper  hall  ot*  Figure  1.  however, 
the  computer  car  invert  the  gray  .scale,  i.e.t  cold  returns  become  black  while  war.;,  returns 
become  white;  this  reversal  »f  grav  scale  is  shown  in  the  lower  hall  "i  figure  1.  Next,  the 
computer  enhances  the  data.  If  divides  the  t  er  :.erat  ure  scale  int>  sections,  t non  assigns  a 
different  Mack  »:rav  white  sha<ie  to  each  ter:  erat  ure  ranee.  Nor::. .illy,  these  shades  are  not  in 
a  linear  progression  from  black  to  white,  but  jumps  shades  as  noted  by  the  arrows  in  the  IK 
picture.  Figure  c . 

The  grav  scale  used  with  the  specific  enhancement  curve  in  the  IK  photo  is  always  shown 
immediately  below  the  legend  data  at  the  t  op  of  the  picture  (figure  g )  .  The  scale  varies  with 
different  enhancement  curves.  Another  grav  scale  is  located  above  the  legend  data  and  ie;  icts 
the  linear  black. 'grav  white  scale.  This  scale  appears  >»n  both  visible  arid  inf  rare:  pic- 

t  ures  . 

Returning  to  the  gray  seal*1  below  the  legend  (enhance- ent  curve:  figure  i)  each  step  or. 
the  scale  represents  a  lb0*'  temperature  ranee.  1  >n  the  :  ir  left  hand  side  ol  the  scale,  the 
temperature  is  with  the  temperature  at  t  he  far  right  aiways  being  -Ka'n',  In  Figure  i, 

0°r  can  be  found  bv  the  t  ick  mark  immediately  to  the  right  ■*;  trie  resol  ut  ion  enhancement  curve 
designator  -  in  this  example  -  JMB.  Incidentally,  the  most  common  intrared  enhancement  curve 
used  is  MB. 

Two  problems  which  affect  the  picture  within  the  frequency  range  of  infrared  aata  are: 
attenuation  and  cont  aminat  ion .  Attenuation  is  the  loss  ot  energy  due  to  scattering  and  absi«rp- 
t  ion  of  energy  (Figure  +  ).  Attenuation  causes  the  1  K  image  to  appear  brighter  (colder)  than  it 
real  l  v  is.  The  satellite  viewing  angle  great  lv  affects  at  t  enual  i  ot, ,  with  tne  ;  .dnts  tartnest 
from  the  satellite  having  the  most  attenuation  (See  Figure  -♦ )  . 

font  am i nat ion  subpoint  occurs  when  the  satellite,  which  is  ably  to  see  through  a  thin  cloud 
deck,  allows  some  of  the  radiation  to  come  from  a  warmer,  denser  layer  ot  clouds  below.  An 
example  of  contamination  is  thin  cirrus  over  a  low-stratus  deck  which  gives  the  appearance  ot 
middle  clouds.  This  is  illustrated  in  Figure  b  at  point  A.  one  major  problem  with  IK  is 
misinterpretation  of  a  dense  cirrus  cloud  to  be  a  major  storm  system.  figures  b  and  ,  visible 


1 


1 


.in. I  IK  photos  respectively.  depict  this  mi  s  int  ir  pret  -*t  ion .  In  Figure  6,  dense  filaments  of 
cirroform  clouds  appear  over  Tejus  and  Mexico.  Iht*  enhanced  IK,  figure  7,  depicts  several  gray 
shades  within  the  cirrus  Liver:  novice  satellite  intet  prefers  may  believe  this  area  to  be  a 
si^cnif  ic'^int  storm  system.. 


The  third  considers  ion  to  lake  into  account  while  viewing  a  visible  photo  is  the  time  of 
lav.  1  i  the  sun  is  ]uw  in  the  skv,  the  picture  will  he  darker  with  shadows  plainly  visible. 
These  shadows  help  distinguish  cloud  Livers  (Figures  n  and  y)  .  In  Figure  h,  a  morning  visible 
picture,  note  that  the  shadow:-  *ithin  the  storm  system  over  the  southeastern  l.S.  enhance  the 
cloud  tup.  It  the  san  is  lire, tiv  overhead,  the  picture  will  he  brighter,  and  possibly  even 
have  a  t  ided  appearance  due  l  »  ,»ver  exposure.  shadows  will  be  hard  t<>  t  ind  when  the  sun  is  high 
in  the  skv.  Figure  two  hours  later  t  rom  Figure  r> ,  illustrates  the  absence  of  shadows  as  the 
sun  approaches  overhead.  A  second  example.  Figures  10  and  11,  shows  an  early  morning  and  early 
afternoon  photo  respectively.  look  especi  illv  close  at  the  convective  cloud  system  defined  near 
point  A  in  the  two  figures.  Notice  in  the  earlv  morning  picture  (Figure  10)  that  the  cloud  tops 
appear  higher  than  the  afternoon  picture  (Figure  ll)  though  the  reverse  is  generally  true. 

A  good  rule  of  thumb  to  use  while  looking  at  a  visible  picture  is  the  obvious:  The  higher 
amt  thicker  the  cloud,  the  brighter  it  will  appear.  The  two  major  exceptions  are  that  an 
early  morning  cloud  will  not  be  verv  bright,  and  the  height  of  thunderstorm  tops  cannot  be 
easily  correlated  with  cloud  brightness. 

The  fourth  cons i derut i on  is  the  sector  in  which  the  photo  was  taken.  Data  received  on  GOES 
pictures  become  increasingly  distorted  proportional  l«*  the  angle  that  the  picture  was  taken. 
Figures  1.’  and  1  1,  enhanced  IK  photos,  illustrate  this  problem.  In  Figure  12,  (less  distortion) 
the  comma  cloud  pattern  over  t he  southern  plains  appears  close  to  its  true  configuration. 

Figure  H,  A1)  minutes  later,  depicts  a  different  sector  scan  which  is  angled  towards  the  east 
and  has  increased  long i t ut iona 1  distortion.  Notice  the  distortion  ot  the  comma  cloud  system;  it 
is  more  difficult  to  visualize  in  Figure  13  due  to  Coreshor ten ing . 

Other  cons  ider.it  ions  are:  Dent  ification  of  local  ion  and  terrain  features  with  respect  to 
the  season  ot  the  war  .  I’se  your  basic  weather  knowledge  to  determine  which  clouds  are  likely 
or  unlikelv  ut  a  location.  Do  not  expect  mountain  wave  activity  over  ocean  areas  or  snow  in  the 
tropics  during  the  summer. 
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SECTION  2:  Identification  of  Cloud  Types 
in  Satellite  Data 


In  this  section  a  brioi  review  of  the  characteristics  of  cloud  patterns  and  types  as  shown 
in  visible  and  1R  photos  will  be  discussed. 

Cloud  Patterns: 

Synoptic  events  form  c Loud  systems  with  various  patterns.  Some  of  the  most  common  patterns 
are  i  1  lust  r  si  ted  in  Figures  1a  to  17. 

•  Cloud  Shield  -  A  cloud  shield  is  a  broad  cloud  pattern  which  is  not  more  than  tour  times 
as  long  in  one  direction  as  it  is  wide  in  the  other  direction.  A  cloud  shield  (A)  is  shown 
across  the  l-reat  Lakes  and  Oh  i  ,f»lley. 

•  Cloud  Band  -  A  cloud  band  is  a  nearly  continuous  cloud  torn,. it  ion  with  a  oist  inct  long 

axis  where  the  ratio  of  length  to  width  is  at  least  •«  to  1  and  the  width  is  greater  than  1 

degree  ot  latitude.  A  cloud  band  is  shown  at  B  in  Figure  l * . 

•  Cloud  Line  -  A  cloud  line  is  a  narrow  cloud  band  in  which  the  individual  cells  are 
connect ed  and  the  lines  are  less  than  1  degree  latitude  in  width.  Cloud  lines  are  shown  at  C  in 
Figure  TF  and  near  D  in  Figure  !h. 

•  Cloud  Street  -  A  cloud  street  is  a  narrow  cloud  band  in  which  the  individual  cells  are 

not  connected.  Several  streets  generally  line  up  parallel  to  each  other  with  each  street  not 
bV Tng ”mor e  FFan  1  degree  in  latitude  in  width.  Cloud  streets  are  shown  at  L  in  Figure  lb.  See 
further  cloud  street  discussion  related  to  Figures  28  and  2^. 

•  Cloud  Finger  -  Cloud  fingers  develop  on  the  forward  edge  of  the  frontal  band  and  are 

often  tied  in  a  near l v-cont  inuous  fashion  to  the  frontal  clouds.  These  fingers  generally  extend 
in  a  more  southerly  direction  than  the  frontal  band.  Figure  17  illustrates  several  cloud 
fingers,  noted  bv  the  arrows,  converging  into  a  storm  system  located  over  the  southeastern  U.S. 
Cloud  fingers  generally  end  at  the  ridgeline. 

•  Cloud  Element  -  A  cloud  element  is  the  smallest  cloud  form  which  can  be  resolved  in  a 
satellite  picture.  Cloud  elements  are  recognizable  in  Figure  1  !>  within  the  areas  notea  by  C  and 
E . 
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Figure  58:  2200 7.  1  March  1981 


Figure  59:  lbOO/  2  February  1^*81 
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Low-Level  Moisture  Areas: 

hlnhanced  IK  satellite  pictures  can  provide 
forecasters  with  an  additional  tool  for  forecast¬ 
ing  the  extent  of  warm  air  advect ion  stratus  and 
fog  at  night.  Frequent Iv,  areas  where  fog  and 
stratus  are  more  likely  to  form  over  or  advect 
into  will  appear  as  relat ively  dark  areas  on 
enhanced  satellite  pictures  (after  Gurka,  h>) 
(I).  These  dark  areas  are  normally  found  down¬ 
wind  from  a  moisture  source,  such  as  the  Gulf  of 
Mexico  and  appear  to  outline  the  boundary  of 
r  e I  it  i  ve  1  y  moist  air  in  the  1 ower  l eve  Is.  This 
boundary  can  be  monitored  and  used  as  an  esti¬ 
mate  of  the  extent  of  nocturnal  fog  and  stratus 
deve 1 opoment  and  advect ion.  During  the  night, 
moist  air  absorbs  the  earth’s  radiation,  becomes 
warmer,  and  reradiates  this  energv  in  all  direc¬ 
tions  -  part  of  it  back  towards  earth.  In  areas 
not  covered  with  moist  air,  the  earth's  r ad i  it  ion 
is  loss  t o  space.  The  net  effect  is  a  war  er 
earth  in  areas  covered  bv  air  with  high  moisture 
content  which  appears  darker  on  infrared  photo¬ 
graphs  . 

Figure  sequence  b S  shows  this  event  .  In 
Figure  bba,  an  IK,  a  dark  area  can  be  seen 
across  the  southern  and  central  plains:  the 
western  boundary  of  the  moisture  area  is  noted 
by  the  arrows.  This  dark  area  represents  a 
tongue  of  moisture  advect  ion  although  stratus  is 
not  evident.  Stratus  is  occurring  across 
eastern  Texas  and  offshore,  but  nearly  all  of 
the  stratus  is  hidden  by  a  cirrus  layer.  The 
northern  limits  of  the  dark  area  extends  well  to 
the  north  reaching  into  southern  Nebraska.  From 
this  IK  photo,  the  potential  for  stratus  t forma¬ 
tion  or  advect  ion  would  be  torecast  .is  far  north 
as  Nebraska  provided  no  air  mass  changes  would 
occur . 

The  visible  imagery,  ten  hours  later.  Figure 
b1)!),  depicts  subsequent  stratus  advect  ion.  In 
Figure  bbc,  V 4 -hours  later  from  Figure  64b  and 
G'»  hours  later  from  Figure  b^a)  stratus  has 
indeed,  advected  as  far  north  as  Nebraska  and 
has  reached  into  the  Dakotas. 

Of  course,  the  extent  of  the  moist  air  at 
the  surface  can  be  located  with  surface  dew 
points.  The  satellite,  however,  has  much  higher 
resolution  than  the  surface  observation  network. 
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Figure  b^b:  lb3lZ  l 1)  February  I^bl 


Figure  6V':  lb  10/  lb  February  1  1 


Terrain  I  imI  nn-s  : 

hM'fiMst  i1  I  f.  slltiul'j  not  be  . 
Ki/ure  *-‘i,  i  l.ir,’.o  >*rev  area  i* 
cirrus  is  shown  over  t  hi-  front 
Tfl  Ufil  visible  photo,  figure  * 
loss. 


« »n  t  used  i  n 

s  I U  >  Wt  1  IIV*'! 

K.m/o)  ;  t  h» 
.  ,  r  ovc.i  l  s 


A  second  ^r.iv  shade  oro.i ,  which  could 
clouds,  is  faintly  shown  .(cross  the  area  t 
hnund.irv).  This  y.rov  cloud -tree  area  is  ci 
of  the  cold  .1  i  r  stratus  jf.ittern,  location 


interpret  in*1  terrain  as  low  clouds  on  IK  photos.  In 
the  Kocky  Mount. i  ins  (loc.it  ion  (, ;  a  small  patch  ot 
»uay  shade  approx  in.,  it  es  a  layer  of  low  clouds.  The 
th.it  near  l  v  all  ot  the  Kocky  Mountain  areas  are  cloud- 


be  is  leading  to  novice  satellite  interpreters  as  low 
ioted  by  H  in  figure  hh  (arrows  mark  the  western 
ill  a  i  r  ;  it  closely  follows  t  lie  cyclonic  coni  i^.urjl  iun 
t,  associated  with  the  (.real  Lakes  storm  system. 


■  '.]■!  : ' . mds 

' .  *  t  .t\i> 

-f  !  «■  i:. 
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Figure  76:  0646/  29  January  1981 
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Figure  77:  Rule  3 


Rule  4  -  Jhen  no  high  clouds  (with  tops  at 
jet  stream  levels)  are  present  ,  the  axis  of  the 
jet  stream  will  often  ho  revealed  ,is  a  boundary 
or  interface  between  different  types  of  low- 
level  cloud  cover  (figure  ).  These  lower  level 
boundaries  are  most  commonly  lound  over  oceans 
whore  abundant  low-level  moisture  exist  (Figure 
,  > )  .  In  the  I  i\  photo,  Figure  8,  a  short  wave 
comma  cloud  system  appears  over  the  southwestern 
F.S.:  tne  6numb  analysis,  Figure  I  '■* ,  reflects 
this  short  wave  system.  To  the  west  of  the 
comma  cloud  and  to  the  north  of  the  jet  stream, 
a  cluster  of  open  cell  cumulus  is  noted  near 
point  Further  to  the  west,  the  open  cell 

cumulus  lines  gradually  change  characteristics 
to  closed  cell  s t rat ocumul us  lines  as  noted  at 
H.  The  interface  is  marked  by  the  dashed  white- 
line;  the  southern  portion  oi  the  interface  goes 
off  the  bottom  of  the  photo.  Normally,  the  jet 
stream  can  be  located  about  one  to  three  degrees 
north  of  the  interface  when  the  jet  is  aligned 
west  to  east  as  shown  in  Figure  77.  In  this 
particular  example,  however,  the  jet  stream 
(aligned  north  to  south)  would  be  located  one 
to  three  degrees  to  the  left  of  the  interface 
(looking  downstream)  as  shown  in  Figure  7s. 

(Note:  In  Figure  78,  "P"  marks  the  northern 

polar  branch;  "T"  -  the  southern  polar  branch 
■■  J  "S"  -  the  subtropical  iet.) 


Figure  79:  600MB  1200/  2  April  1981 


Figure  78:  1416/  2  - 


The  jet  stream/ lower  cloud  interface  just 
presented  are  most  likely  t o  occur  when  the  jet 
stream  is  well  defined,  is  channeled  (vorticitv 
jsoplefh  parallel  to  L  he  contours)  and  is 
vertically  deep*  in  the  atmosphere.  Over  land 
during  the  day,  s t rat ocumul us  clouds  are  like  tv 
to  be  south  o f  the  jet  with  clear  conditions  to 
the  north. 


This  rule  will  he  Ip  f i nd 
o  t  the  t  iire  . 


the  jet  stream  about 


Rule  4  -  A  coni*  inat  ion  of  the  three  previous 
rules  will  add  ten  percent  to  the  accuracy  rale. 


Hu-  l  ri.i.-s  just  ;  r  i-st-nt  *'«1  shuul  i  help  I  uri'i'.tsl  e  r  s  locate  j  «.*  t  streams  about  i'>.  I  a  fcb 

•l  itir  f  ime  .  The  r  i  i  :i  i  up  l  *»  l  •  JO  when  the  jet  stream  cannot  he  located  on  satellite  ph*>t 
mv  1  «■  1 1  t  r  i !  ut  e.i  to  a  hreaK  h*.vii  »■[  the  relationships  and  rules  described  earlier.  Several  ot 

*ea  s  an  s  whv  iet  stre.nv  av  he  ditficull  l<‘  Merit  ily  on  satellite  photos  are: 

•  I  h  e  r  *  ■  i>  ,i  wi  ie  .one  ut  ^troii.’  winds,  hut  the  t:i.ix  imum  winds  are  nut  concentrated  in 

i  narrow  etioi./h  .one  to  •  k.  i  Tent  itied  as  a  iet  axis. 


'  t  r  el:  >  »Ve  r  t  V.  l 


ir  icliniu  cone  isn  t  continuous  between  two 
md  slows  into  a  region  with  no  well  detined 


Moisture  nr e 


t  o  p  ruild  c  e  clouds,  even 


•  nidi  level  to  i  st  are  is  present  witn  a  well  detun’d  border  along  a  Channeled  jet 
ms  '.winds  parallel  to  cour.'t.rs  I  Imd,  hut  .loads  have  not  formed.  In  such  cases,  cirrus  will 
otten  *■'!■■■  sniienlv  to  the  right  side  ■*!  the  iet  axis  as  it  progresses  downstream  over  a  noun- 
tain  ranee.  A  "  1  cc -o  i  - 1  in- -maun  t  a  i  n"  cirrus  deck  will  turni  downstream  t  rom  the  mountain  rarv.e 
and  to  tin*  ri/ht  >i  t  tie  i  c- 1  axis  as  shown  in  Figure  *o.  In  Figure  hb,  a  cirrus  band  stretches 
southwest  -  northeast  across  the  southern  Kookies  to  the  (Ireat  Lakes.  The  cirrus  formation  ar 
kp;  ins  over  and  to  the  east  ut  the  southern  Kockies  as  noted  by  the  arrow  in  Figure  el).  The 
re  1  at  ed  *  Uiiittih  analvsis,  figure  hi  (three  hours  earlier  than  Figure  tfu),  shows  the  jet  stream 
locaf  ion:  the  cirrostralus  layer  lies  along  and  to  the  right  of  the  jet  stream. 


i  \ra 


-r' 

£  Viif 
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figure  hi: 

IthiMH  IJOOZ  b  December  1^79 


Other  Jet  Stre.im  Identifiers: 

Some  other  cloud  character ist ics  which  help  in  the  identification  and  location  of  jet 
streams  are  cirrus  streaks,  transverse  bands,  the  size  and  organization  of  cirrus  anvils, 
and  shadows.  Cirrus  streaks  and  transverse  bands  were  introduced  in  Section  3,  Fart  I  (see 
Figures  b7  through  bL))  . 

*  Transverse  Bands  -  Transverse  bands  are  an  excellent  indicator  ol  the  jet  speed 
maximum  (and  turbulence)  within  the  jet  axis.  Transverse  bands  do  not  appear  that  often  in 
satellite  photos,  but  when  they  do,  forecasters  should  be  aware  ol  their  presence.  Trans¬ 
verse  handing  within  a  southwest -nor theast  aligned  jet  stream  system  should  be  watched 
closelv  for  possible  cvelogenesis  (near  the  iet  maximum)* 


Figure  N  \ : 
12U0Z  1  A 
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Figures  8  7  t  n  4u  depict  an  example  ul  t  rui»>ver  *e  bunding  r  »•  1  i  f  »-a  t  ,  w  i  igeiu.-*;?.  .1:,: 
thunderstorm  development  .  Figures  HJ  and  respect  1  ve  1  v  si1  «  the  '>  ■  :>  <  :  1  «r  1  n 

available)  and  surface  analyses  prior  in  deve  l.ipmeht  o  this  evt.t  .  !r.  1  i.'u:  -•  ■* .  ,  1  :r  .r:.- 

mid-level  jet  stream  is  evident  across  the  treat  IM.iins;  i<  •  *r..a>  ur«.  s*i.»w:j  t  :,»•  :  •  <c 

panhandle  and  eastern  New  Mexico.  At  the  surface,  figure  ^  ,  a  •  1  -  - -r  .■  u:u  .'1  a  stnr..  -.••1  r:  > - 
showt.  . 


The  first  visible  satellite  picture  * » t  this  series  m  ph<-tn>,  ii.-^re  K  . ,  ,  .-..ue  1 

baroclinic  cirrus  across  the  central  oreat  I’l.iins  and  is  nnted  !>v  ...  Tr  it.sve  r  se  i 1 : .  s  ^  an  te 
identified  from  central  Kansas  extending  sout hwest ward  into  the  lexas  punnundie.  Ifte 
jet  (not  shown)  would  he  placed  to  the  left  of  the  h.ir-iclmic  cirrus  .»te.i  tit;  1  :ie  ^  ic.ir  ui'eu) 
as  exemplified  in  the  model  shown  earlier  in  figure  Area  h,  an  .iii-.i  ni  .0  .nd  i  t  1  <»n.i  1  l  y 

unstable  air  reflected  by  developing  cumulus,  lies  nearly  under  the  jet  maxima;:,  and  to  the 
northwest  of  the  transverse  banding.  A  stationary  ml*  frontal  system  is  stiown  across  tne 
northern  plains. 


tine  hour  later,  Figure  h*>,  the  transverse  band's  northern  portion  i:.*s  ;:.iu,  t*j  nort  neast  war. 2 
into  eastern  Nebraska  as  noted  by  the  arrows.  Area  b  begins  t.<  .irveii*;  r  1,  illy  and  .in  anvil 
plume  is  noted  within  the  cumulus  cluster.  speed  divergence  al  ut  is  pri::..irily  responsible  lor 
the  explosive  development  shown  at  area  H. 


Figure  84:  1610/ 


j  Apr  it  1981 


Figure  ^6:  J  7  10/ 


l  Apr i J 
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Let's  briefly  review  the  association  of 
transverse  handing,  with  thunderstorm  development. 
Since  transverse  bands  are  associated  with  wind 
maxinwa,  the  area  upwind  from  that  maxima  will 
undergo  speed  divergence  as  indicated  in  Figure 
86.  When  the  area  of  transverse  band  moves,  the 
area  of  speed  divergence  moves  with  it.  When 
this  area  passes  over  an  area  of  instability, 
explosive  convection  can  result  (Figures  84  and 
85,  point  R).  During  the  winter,  this  same 
sequence  can  explosively  develop  a  weak  low 
level  cyclone  and  result  in  heavy  snowfall. 

About  the  only  way  to  isolate  this  area  of 
divergence  and  track  its  movement,  is  with  OOLS 
data.  After  i’entifying  the  jet  max  and  deter¬ 
mining  the  speed  and  direction  of  movement, 
forecast  a  trajectory,  and  determine  if  and 
when  the  divergent  area  will  pass  over  any 
existing  low-level  d ist urbances . 

Now,  let's  return  to  the  satellite  series. 

In  Figure  87,  one  hour  later,  the  transverse  band 
area,  noted  by  the  arrows,  is  difficult  to  see 
because  it  has  moved  into  the  cirrus  shield:  it 
is  still  moving  nort heas t ward  and  is  faintly 
visible  in  central  Iowa.  Area  B  continues  to 
develop . 
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Figure  86: 

Example  -  Speed  1) i vergence /Convergence 


Figure  87:  18  10/ 


^  April  I9bl 
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(<:,  an  *  ;  *  : 
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iv  I  I <> w  n't  f  ht* 


;>s  st-.' « >n«l  i  r  v  short 
t.*ties  is  .is  shown  in 


N' ’  ’  :  Those  ’el  strf.ir.  systems  ::,.*v  >pli;  inm  smaller 

braruhes  i*s;.*\  i  1 1  1  v  with  split  i  iuv»  short  wave  svstetts. 

•  <utit  rop  iJ.il  .let  -  I’ho  s  uht  rop  ic  a 1  jet  is  the 
don  i  nant  jot  st  ream  system  .ktoss  the  southern  and  centra 
F.S.  dur  in«:  sjiv.tit  .  During  the  co*.j  season  it  migrates 
southward  into  Mexico  .is  the  pol.ir  jet  becomes  the  pre¬ 
vailing  lot  s  treat-  s vs  tom.  Durirn:  winter  the  xuhlm;  tea! 
jet  vav  i«riotlv  -iritt  northw.ir!  .to  mss  t.  ho  southern  ;  lain. 
.in*i  k-ul  1  ist.jl  states  ahead  oi  low  }at  itiojo  short  wove 
s vs  tens  r-evinr  across  Arizona  .imi  Now  Mexico  (see  Figures 
and  ^  )  . 

Dur  in.-*,  ino  transition^  period  of  spring,  t  ho  loca¬ 
tion  of  r  ho  suht  ro;. ical  jet  becomes  important  in  severe 
wo. it  her  t  oroo.is  t  im-. .  The  subtropic. ii  jot  axis  deline¬ 
ates  the  t  .irt  herest  southern  extent  ot  organized  severe 
t  hundorst  «>r:::s  (largo  h.i  i  l  and  thunderstorms)  in  a  given 
severe  woathor  outbreak  (_) . 


s’f  ream  Ident  i  t  iv  .it  ion  -  An  Fxam:  1  *. 


Fie. ure  illustrates  the  jet  strea.v  ;*attern  ahead  of  an 

i  t  ens  i  i  v  i  :i»;  short  wave  oft’  lower  Falit’ornia  (not  shown)  . 

The  polar  jet  1  s  southern  branch  is  shown  at  A:  the  northern 
branch  is  noted  at  F.  A  split  m  the  northern  branch  is 
identitied  at  (NuFL:  smaller  splits  within  branches  of 

he  polar  jet  are  important  to  severe  weather  forecasting. 
m'o  discussion  in  Sect  ion  o,  Fart  II).  The  jet  stream  shown 
>ver  Florida  is  the  tail  end  of  a  short  wave  oft  shore.  The 
;ubt  ropical  jet  tl>)  is  not  as  n*)ticeahle  liecause  o f  its  close 
ir«*xi'”itv  t  o  the  southern  branch  polar  jet.  <>n  Uav  J,  He.ure 
♦  ,  the  southern  branch  (A)  has  shitle*!  northward  ami  merged 
i  i  t h  (he  split  tot  of  the  northern  hr. inch  (r  in  Figure  . 
i’he  subtropical  jot  is  now  noticeable  over  southern  Texas  t’D) 


40c  1 2*7 2  KBS 


Figure  06:  1  .M  J /  J  April  ) I 


Figure  97:  1200/  1  April  19*1 
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figure  9h  depicts  the  rei  .r  v<t  Vbbmb  -ma  1  y.s  i  *  ;  .1  hjbirupitdl 
atit  i  l  yc  lone  appears  in  the  Full  <  t  Mexico. 

Son-  let  Stream  Cloud  Systems: 

There  are  many  cloud  patterns  which  look  as  thojgh 
thev  are  associated  with  jet  streams  bul  actually  have 
no  association  with  each  other .  Some  ol  these  cloud 
patterns  include  deformation  zone  cirrus.  be l ormat ion 
zone  cirrus  shields  usual Iv  form  on  the  northern  and 
west  side  of  an  occluded  comma  system  (Figure  9M)  . 

Deformat  ion  /one  cirrus  is  associated  with  light  winds 
within  an  upper  air  Col;  this  col  area  is  shown  within 
the  area  marked  hy  the  location  D  in  Figure  yy. 

Figure  loti,  an  IK,  illustrates  a  hand  of  del  onr.at  ion 
/one  cirrus  (F)  across  eastern  I<  wa  and  northern  Missouri 
associate*1;  with  an  upper  Midwest  storm  system.  The  cloud 
svsiem  at  <’  is  related  to  the  upper  tropospheric  baro- 
clinic  /one  and  -»ss  ic  i  ited  jet  stream  ( PVA  area).  Note 
in  the  t  injure  how  the  t  wo  higher  level  cloud  system.? 
narrow  over  southern  Wisconsin  t  indicated  by  the  arrow); 
this  is  the  col  area  of  the  storm  system. 


Further  discussion  of  deformation  zone  cirrus  will 
be  p resented  in  Se c l  i on  ,  Pa r t  II. 


Figure  99:  Deformation  /one 


Mi  seel laneous : 

•  During  winter,  when  a  major  trough 
pattern  prevails,  the  southern  polar  jet  stream, 
will  push  deep  into  the  southern  latitudes.  The 
subtropical  jet  and  the  polar  jet  will  appear  to 
have  merged  and  become  one  long,  continuous  jet 
stream  system;  this  is  shown  in  Figure  101  by  an 
extensive  cirrus  band  from  Nova  Scotia  to  the 
Pacific  area. 

The  segment  from  Texas  extending  northeast¬ 
ward  (A)  is  the  polar  jet  (at  a  lower  level); 
the  subtropical  jet  (higher  level)  is  noted  from 
Texas  extending  southwest  * jrd  (B),  The  subtrop¬ 
ical  jet  segment  can  be  identified  by  higher 
cloud  tops  (in  the  IR)  and  anticyclonic  curva¬ 
ture.  The  lower  polar  jet  leaf  reveals  lower 
tops  and  cyclonic  curvature.  The  two  jet 
streams  will  eventually  split;  the  subtropical 
jet  cirrus  band  will  persist  while  the  polar  jet 
stream  cirrus  will  move  away,  dissipate  or  move 
northward  ahead  of  the  next  approaching  dis¬ 
turbance.  In  Figure  l 0 l ,  t  e  northern  polar  jet 
stream  is  shown  over  the  western  and  central  U.S. 

•  Jet  stream  locat ions  within  comma 
cloud  and  barociinic  leaf  systems  and  various 
cyclogenetic  models  will  be  shown  in  subsequent 
sections  of  this  Technical  Note. 

■  Advective  and  channeled  jet  streams 
are  often  mentioned  in  satellite  i nt er pret at i on 
messages;  definitions  of  these  jet  systems  will 
be  presented  in  Section  3 ,  Part  II. 


Figure  1UQ;  1130Z  14  May  1961 
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Figure  101:  1 130Z  25  December  1981 
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•  Knh.itu'fil  I’unuUis  -  Art*. is  «»i  jmsii  ivt*  eorti.nv  iun  .ire  r  e  I  1  eel  eil  in  trie 

appearance  ot  cellular  clouds  t>»  the  re.ir  of  cold  i  runts.  The  upward  motion  produces  .ire. is 
t  enhanced  i'iiimjIus.  These  .ire. is  .ire  observed  treuuenllv  over  oceanic  .ire. is  (jmi  less  over 
1. in'll  where  t  here  is  .in  abundance  el  lower  level  moisture.  In  Hpure  11^,  .in  area  wl  enhanced 
.'ii«:ul;.s  is  net  e>i  hv  the  art.  w  al>»n^r  and  to  the  e.ist  ot  t  iu*  trough  lint*.  The  analysis, 

hi  rare  l  Jo,  (live  hours  earlier  iron:  li^.ure  11 4)  shows  the  trough  line  west  ot  caliiornia. 


U 


Knhanced  cumulus  areas  located  well  t  * »  I  he  rear 
retlects  either  the  major  trough's  position  or  the  j 
the  cold  air  ot  the  trough  system.  An  example  is  si 
l.'»,  a  short  wave  comma  cloud  system  is  shown  over  t 
fiand  stretches  soul  hwesl  ward  across  sour  hern  oeorei.i 
becomes  fragmented  at  point  V  reflect  inc  i  chance  ir 
t  Ho  middle  to  hi.*,h  levels.  The  short  wave's  trouchl 
when  looking  at  the  5(Hfnth  analysis  shown  in  M*’ure  l 
to  locate  the  trough  line.  The  main  trough  line  and  t 
across  the  central  and  southern  plains  as  revealed  i 
cumulus  area  noted  at  locat  ion  (•  over  the  c«m(  r.il  r 
air  pocket  ot  the  major  trough  line.  Forecasters  shi 
(winter),  tor  possible  cold  air  thunderstorms  'sii.iu 
cumulus  areas. 
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•  hxattu  ;e  .  -  In  Figure  Ml,  t  ho  aOUmh  analyses  shows  a  short  wave  system  moving 
across  the  central  <nd  upper  Midwest.  A  closed  low  appears  over  Mexico.  The  short,  wave 

t rough's  southern  locution  across  Texas  is  becoming  oriontetj  nort  boost  to  southwest.  In  the 
related  visible  satellite  photo,  K ;  , ,  r » •  M.',  a  cirruform  layer  is  evident  across  the  southeri 

plains  (point  c)  anil  is  spreading  'mr  t  ne  ts  t  ward  up  the  iront.il  cloud  hand.  ihe  cirrus  layer 
is  a  result  ol  convecl  ion  which  developed  a  ross  central  Texas  ahead  of  the  closed  low. 

•  Kx  ample  2  ~  During  the  warm  season,  t  hun»ie  stn::,.  activity  ot  ten  breaks  nut  tespeci 

ally  at  night)  along  ami  t  o  the  right  of  upper  trough  lines  oriented  northeast  tn  southwest. 
The  siitlmh  analysis,  Figure  Ml,  reveals  a  trough  system  Tien?e!  mat  beast  in  southwest  aero: 
the  southern  plains.  In  Figure  M-* ,  widespread  cloudiness  with  s  •u.e  t  huncer  st  nra.  ,i<a  ivhy  i: 
clearly  evident  across  Texas  and  Mexico.  _  ----  -  - 


Figure  Ml: 


2  1  Apr  i  1  1 
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K  i  gure  Ml: 


1200/  “>  Julv  M81 


Trough  Deepen  l no. : 

The  tollowirg  example  depicts  trough  deepen¬ 
ing  within  an  east  to  west  upper  level  west  ot 
the  Rocky  Mountains.  on  Dav  l.  Figure  M‘>,  a 
west  to  east  ‘jOOmb  flow  prevails  over  the 
western  t’.S,  No  significant  trough  system  is 
approach i ng  the  West  (oast .  Some  slight  thermal 
(roughing  is  noted  over  the  Rockies. 


t igure  M‘>: 

2  1  March  MM  (bay  1  ) 
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hv  i.iv  1,  I  ieuro  1  the  trough  has  continue!  lo  deepen  .  i  n  *1  has  r.oved  out  oi  t  ue  Kockv 

Mountains.  A  jet  aiximi^i  (M>  knots)  appears  at  the  base  of  the  trough.  In  the  satellite 
photo,  tii-ure  lad,  some  cycltinic  or  >•  an  i /.it  ion  is  ho>:  i  nn  i  nr.  to  take  shape.  The  vorti  ity  cloud 
svst  c"  is  noted  at  location  b,  hut  it  has  not  yet  assumed  a  comma-shape  appearance.  Ihe  trough 
lino  lies  just  west  of  the  vort  icily  cloud  system  as  shown  in  figure  lad.  A  narrow  oand  ot 
Jo  format  ion  zone  clouds  is  noted  at  local  ion  ('  which  may  >;ive  a  hint  that  a  low  could  suhsequen 
lv  develop  within  the  base  of  the  trough  over  Oklahoma. 


The  surface  ai 
in  !  soul  hern  plait 
s  i  t  uat  i on:,  when  c< 
;>1  - »s  i  ve  c  vc  ImTHt" 
level  frouch  svst  * 


s ,  li.Mire  1  '*  l  ,  -iepicts  an  inverted  trough  pattern  across  the  central 
reflect  ion  of  the  deepening  upper  trough.  This  example  t  vpi  I  les  those 
mi t  s  suddenly  develop  east  ot  the  Rocky  Mountains.  In  addition,  ex- 
i  occur  in  the  northern  portion  ot  the  inverted  trouph  he  low  the  upper 


SbLilON  3:  Significant  Mid  and  Upper  Level  i'l>ud  Systems 


The  purpose  of  tnis  section  is  to  give  the  reader  an  overview  oi  certain  mi  i  an  1  upper 
level  cloud  systems  which  appear  on  satellite  pictures  and  are  significant  to  storm  develop¬ 
ment.  The  next  four  sections  of  this  part  ot  the  Technical  Note  <TN)  and  Part  III.  Patterns 
oi  Cyclogenesis,  will  discuss  these  cloud  systems  in  detail.  Add i t i ona 1 l y ,  terminology  suvh 
as  advection  and  channel  jets  and  vorticity  lobes,  which  are  being  used  in  satell  i  1 1*  inter¬ 
pretation  messages  and  satellite  literature,  will  he  presented.  Forecasters  shouM  have 
an  understanding  of  what  these  terms  represent. 


Cloud  Systems  of  a  Developing  Storm: 

The  three  primary  cloud  systems  which  comprise  a  synopt ic  comma 
westerlies  are  as  shown  in  Figures  142  through  l  * •« .  They  are: 


id  system  within  the 


•  Baroclinic  Zone  (A;  Figure  142) 

•  Vorticity  Comma  Cloud  (B;  Figure  141) 

•  Deformation  Zone  (C;  Figure  144) 

The  letter  shown  in  parenthesis  behind  each  cloud  system  above  will  be  used  throughout  this 
TN  to  identify  these  particular  cloud  systems  (after  iVeidon, 


F i gure  142: 

Baroclinic  Zone  Cloud  System 


vor t i c 1 1  v 


level  emit*  Tops  - 
u Mialiu  itnatitoimi  pxeapitatxcn 
ulwUty  iteadi/  except  rfer  thattde  t- 
itcxfn*.  Cold'  occluded  and  utnm 
Front'S  axe  CLMCCiated  icith  th<$ 
cloud  pattern. I 


These  three  cloud 
systems  have  been  placed 
in  their  respective  posi¬ 
tions  in  the  model  of  a 
mature  comma  cloud  sys¬ 
tem  shown  in  Figure  145. 

It  will  be  shown  later  in 
Part  III  that  cyclogenesis 
occurs  in  different  ways, 
and  that  the  primary  con¬ 
sideration  for  identifi¬ 
cation  of  different  types 
of  cyclogenesis  is  the 
order  in  which  these 
cloud  systems  develop. 

In  Figure  145,  the  pr  i - 
mary  vorticity  comma 
cloud  (B)  is  often 
hidden  below  the  higher 
level  cirrus  layers  and 
cannot  be  observed  on 
satellite  photos.  In 
the  visible  photo,  Figure 
146,  however,  the  higher 
level  baroclinic  cloud 
shield  (A)  has  moved 
faster  than  the  mid-level 
vorticity  comma  cloud  (B), 
consequently,  the  vor¬ 
ticity  comma  can  be  seen. 
Area  C  ident  i  f ies  the 
related  deformation  zone 
cloud  band. 


( Mid  to  (civ  to  vet 
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Figure  14“ 
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Figure  146: 
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Ifit*  t .  •  1  1  ov.  ini*  iii  i  >ri\ut  ion  acscribes  t  or  in  ino  1  og  y  which  suy  appear  in  satellite  inter- 
!i  :'<.*ssa^,s  and  m recast  bullet  ins. 

1 e t  St  r  im":  : 

In  SfOt  ioi  1,  Put  II,  it-l  st  re.ris  were  stmwn  .is  cunt  inuuus  belts  oi  strung  upper  level 
extending  a  'niss  large  areas.  Another  approach  is  to  consider  these  strong  middle  and 
.  or  level  wind  /ones  as  separate,  but  interrelated,  jet  stream  segments  or  speed  maxima. 
!h;>  approach  is  more  useiul  tor  understanding  and  interpreting  cloud  systems  observed  on 
satellite  pictures.  N«>te:  In  the  tul lowing  30l>mb  illustrations,  the  solid  lines  are  height 

contours;  dashed  lines  are  vorticitv  isopleths. 

•  t'hannel  det  -  A  "channel  jet"  is  a  jet  stream  segment  in  which  height  contours  and 
v»rticitv  isopleths  intersect  at  small  angles  or  are  parallel.  (A  channel  jet  is  usually 
associated  with  a  shear  lobe;  to  be  shown  later.)  In  Future  137,  the  heavy  arrowheads  mark  a 
channel  jet  pattern:  the  vorticitv  maximum  (not  a  PVA  maximum)  shown  in  Figure  137  over 
Vi  chi  can  has  a  channeled  /one  around  its  southwestern  quadrant.  Other  character ist ics  of 
channel  tvpe  pattern  are: 

■  *v  i thin  well  defined  channeled  zones ,  the  30Umb  isotherms  are  parallel  to  the 
wind  direction,  height  contours  and  the  axis  of  maximum  winds.  Additionally,  during  the 
wmfer  season,  well  leiined  channeled  regions  have  large  vertical  depth. 

•  The  strongest  winds  aloft  are  usually  found  in  the  channeled  regions. 


•  Advect  ion  .let  -  An  "advect  ion  jet"  is  a 
jet  stream  segment  in  which  the  height  contours 
intersect  vorticity  isopleths  at  large  angles 
in  the  area  of  maximum  winds  (an  advection  jet 
is  usually  associated  with  advection  lobes). 

In  Figure  138,  the  strong  wind  zones  within  the 
large  vorticity  field  are  mostly  of  the  advec¬ 
tion  type,  except  as  noted  in  the  channeled 
region  by  the  arrowheads.  Other  characteris¬ 
tics  of  the  advection  type  pattern  are: 

*  The  axis  of  maximum  winds  is  not 
parallel  to  the  wind  direction  or  the  contours; 
tFiTs  is_ shown  in  Figure  139.  In  Figure  139, 
the  300mb  maximum  winds  of  >  100  knots  (shaded 
area)  cross  the  contour  flow  along  a  south 

to  north  axis.  The  wind  direction,  however, 
follows  the  contour  flow.  (This  pattern 
indicates  strong  PVA;  the  temperature  and 
moisture  fields  would  also  cross  the  contours 
at  large  angles  as  discussed  earlier  in  Figure 
132.) 

*  Over  PVA  areas,  the  axis  of  maximum 
winds  aloft  shifts  to  lower  height  contours 
(looking  downstream).  Over  NVA  areas,  the  axis 
of  max imum  winds  shifts  to  higher  contours 
(looking  downstream). 

*  The  jet  stream  axis  of  maximum  winds 
is  not  as  well  defined  over  regions  of  advection 
jet  structure,  as  it  is  over  channeled  regions. 
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•  Advect ion  hope  -  An  advect  i  * » ;  i  l-*he  ;s  a  vrt  u*  i  f  v  loin 
contours  .it  lar/.e  .ingles  \related  *  •-.  i.iv.-rt  i-*ii  jets’*.  In  i 
between  fcl  and  F  reveal  a  ruv.at  ive  tilt  pattern  -  east  ..f  ax- 
cloudiness  and  precipitation  and  the  1  i  he  1  1  n<  >• «  i  >t  »:  <an.il 
example  is  shown  in  Figures  Ini  md  l*.'.  In  the  ^  a  t  v*  *»  i 
vorticitv  with  FVA  an«i  clouds  are  noted  .it  local  inns  .,r  : 
respond  closely  to  the  related  V'.m-h  vorticitv  pattern  stiowr 
f  r  om  F  W"  u  r  e  l  6  1 )  . 


Figure  16^: 


Height  Vorticitv  Aril  vs  is 
WUh)/  !</  April  la  / 


•  Shear  ho  be  -  a  "shear  lobe"  is  a  vorticitv  lobe  whose  axis  crosses  the  hei.hl  emit  an 
at  very  small  angles  or  is  paralleled  to  it  (related  to  channeled  iets).  In  liyure  l »  -i .  u 
"A-B"  is  a  shear  lobe  of  maximum  vorticitv  (even  though  the  very  small  scp'.em  tu*ar  A  is  n« 
quite  paralleled  to  the  contours).  The  lobe  is  on  the  cvclonic  shear  side  <>i  t  ne  .  ax  i  ... 
zone.  In  Figure  16),  lobe  "1-2"  is  a  shear  lobe  oi  mini-i-ur  vorticitv  on  the  .mti.vci  i.i  - 
side  of  a  strong  wind  zone.  Note  that  it  is  the  axis  ot  t  he  shear  lobe  .ouch  !s  ;  . ,  r  i  I  , 1  t 
the  contours,  not  necessarily  the  vorticitv  i  sopl  elhs  .  lew  clouds  are  a  s  s.  k  i  a  t  *.  a  *  w  t ;  -  t  :us 
s  yst  ems . 
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appear  ance  , 
will  he  pvt 


.1  certain  cl»»ud  s  y  >  t  . a  wi-  r  ve-i  ip.  ..it  e»  lift 
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In  this  section.  leaf  char act e r i s r i cs ,  part* 
•nted.  Alsu,  re  1  .it  i  unsh  i ;  s  b4-t  w*t*n  leal  svst 


A  baroclinic  leal  is  a  cloud 
wind  flow.  rsu.il  l  v ,  t  he  svslt*::;  i 
sens  is  .ire  also  uocurr  ini:.  Hec.ii. 
tnd  IK  sc. ins. 


it  is  i  t  ri  i 


ieP.es  is  a  lull  within 
l  ront.venes  is  ana  r 
,  it  is  e.is  i  1  v  seen 


The  baroclinic  lent  usually  h.»s  an  e  :  ooga! :  l 
;  at  ti’rn  with  well  let  ined  borders  on  both  sites  is 
illustrated  in  r  i  c  u  r  v*  IbA.  (Note:  har<  linic  iv.i. 
are  best  defined  in  high  amplitude  trough  patterns. 
The  poleward  side  frequently  has  a  shallow  "V  >n.»; 
as  shown  in  Figure  lb-*.  The  upstream  end  has  cvc.u? 
curvature  (location  s  in  Figure  Ihw)  while  the  d«*wr 
stream  end  has  an  anticvclonic  curvature  appearanct 
(location  T) .  The  anticvclonic  end  eventually  be¬ 
comes  the  comma  head.  often,  a  telltale  sign  (and 
the  first  sign  of  comma  development)  is  .1  "V"  notch 
forming  on  the  western  edge  of  the  leaf  as  noted  at 
point  W  in  Figure  IbA.  The  "V"  notch  is  caused  tr< 
the  jet  stream  (and  wind  maximum)  digging  inti>  the 
western  end  of  the  cloud  system  as  noted  in  Figure 


Figure  Ibb  depicts  a  model  baroclinic  le.ti  md 
its  relationship  with  several  upper  level  and  sur¬ 
face  features.  Figures  166  through  166  are  included 
to  reinforce  the  d  i  s  c  uss  i  on  which  will  be  s  nowr.  i  n* 
Figure  lb*).  Note:  In  Figures  166  through  ivali.j 

at  the  same  hour),  the  same  leaf  system  is  shown  with 
each  analysis.  The  features  are: 


•  let  St  rear.:  -  The  jet  stream  axis  is  in¬ 
dicated  bv  solid  arrowheads  in  Figure  Jb*>.  The  >et 
stream  upstrea'  from  the  leaf  (location  l>)  is  likel 
to  be  channeled  with  a  maximum,  wind  speed  /one  a  1  >r 
it.  Downstream,  the  iet  axis  is  likely  to  be  south 
of  the  leaf  (and  lesser  wind  speeds),  but  it  ray  >c 
further  northward.  Figure  In*.  uluslrates  the  luo:* 
jet  stream  relationship  to  the  baroclinic  leaf.  A 
wind  maximum  of  130  knots  is  digging  sout beast  war  i 
into  the  leaf  system.  A  "V”  notch  appears  -  ,i  re¬ 
flection  of  the  iet  stream  affecting  the  western  t-n 
of  the  Leaf. 


•  Vorticitv  -  The  vorticitv  center,  noted 
as  "X"  in  Figure  16b,  is  located  on  the  clear  side 
the  upstream  border  near  the  ir.' lection  point  (loc 
t  ion  F  in  Figure  16b).  Generally,  two  vorticitv 
lobes  intersect  at  the  vorticitv  center  (X)  and  to 
a  rough  L-shaped  pattern  as  shown  bv  the  dash -dot 
and  dashed  lines  in  Figure  16b.  The  dashed  line 
(base  of  the  MLM  pattern)  is  usually  an  advect ion 
Lobe  (location  E)  and  is  parallel  to  the  leaf.  A 
region  of  packed  vorticitv  isopleths  (with  PVA)  is 
over  the  leaf  pattern;  this  is  shown  in  Figure  Jb 
(isopleths  are  thin  dashed  lines). 

Returning  to  Figure  16b,  the  other  lobe  -  a 
shear  lobe;  locat ion  F  -  forms  the  stem  of  the  "L" 
pattern.  This  area  is  in  a  channeled  configura¬ 
tion  and  is  parallel  to  the  upstream  jet  stream 
(location  D  in  Figure  16b). 


The  interrelation  between  these  vorticity  lobes 
and  the  baroclinic  leaf  can  be  seen  in  Figure  J  o  7 . 
(Note;  The  solid  lines  .re  the  bUOmb  contour  flow.) 
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•  Cl*uds  .ini  Fronts  -  1  k*ner  a  1  1  y  , 

l  he  highest  1  jp*  ire  locate!  over  the 

eastern  portion  ol  tne  le.it.  i.Ni.Ce:  The 

eastern  ena  will  become  the  comma  head.) 

Ibe  clou)  tops  Jecrease  west  war  i  *  i  *  b  middle 
level  appear  i nc  over  toe  wes t  e :  n  en  i  of 

the  "V"  notcn's  northern  border  (ioc.it* on  G 
in  Figure  iro).  Tne  so jt hern  bor  ler  of  ine 
notch  is  c* imposed  of  low  clouds  (excluding 
Gw's;  location  H,  in  Figure  Ibd)  and  lie 
t  lon«i  the  co  1  j  1  ront  segment. 

In  Figure  lod,  tne  newly  forming  cold 
J root  would  be  locate  i  alone  tne  sojinern 
border  01  tne  leaf  as  shown  in  the  illustra¬ 
tion.  Tne  eastern  end  of  the  frontal  segment 
(located  under  the  deeper  part  of  the  cloud 
system)  is  lixely  to  be  stationary  with  a 
i  isorgani zed  surface  pressure  pattern.  A 
sjrtace  trough  ciay  exist  instead  of  an  iden¬ 
tifiable  frontal  system.  Figure  lhn  typifies 
tne  c loud  t roni a l  pr ec i p i t at  ion  relationships 
w  j  t  n  inis  par  t i c u i ar  leaf  system. 

Twelve  hours  later,  Figure  In-#,  the 
baroclinic  leaf  has  evolved  into  a  comma 
pattern. 

•  Example  -  Let's  examine  a  case 

event  of  a  naroclinic  leaf  svslem;  satellite 
photos  and  convent  ion  il  data  are  included  in 
Figures  170  through  17"'.  This  example  does 
not  exactly  follow  the  models  shown  earlier, 
however,  forecasters  should  be  able  to  re¬ 
cognize  some  of  the  more  important  features. 
NoTE:  The  baroclinic  system  shown  in  the 

satellite  picture,  Figure  l'O,  has  been  super¬ 
imposed  on  the  four  analyses  (Figures  171 

m rough  17  4)  which  will  follow.  Keep  in  mind 
trial  mere  is  a  seven  hour  difference  between 
the  baroclinic  leaf  system  and  the  analyses. 

At  the  beginning  of  this  event,  Figure 
170,  a  pronounced  leaf  system  appears  over 
the  central  Midwest.  The  system  is  elongated 
and  has  well  defined  borders.  A  "V"  notch 
appears  over  the  western  end  which  reflects 
the  jet  stream  axis  aloft  (long  white  arrow). 
Low-level  Gulf  moisture  has  advected  into 
the  system  across  eastern  Texas  and  Louisiana. 
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? M  November  1974 


Figure  l/b:  hh/ 


*’ November  ]4,'9 


Figures  1  /' b  through  1 /»  depict  subsequent  comma  cloud  development  the  following  morn  in,  . 

In  Figure  Kb,  the  comma  head  is  located  over  the  northeastern  l.S.  ami  is  not  shown  in  the 
iihotu.  The  cold  frontal  cloud  band  is  evident  across  the  southeastern  l.b.  and  into  t  tie  western 
Tull  ot  Mexico.  The  ‘nJOmb  analysis,  Figure  1//,  shows  the  deepening  trough  system.  Two  Lcignt 
fall  centers  are  noted  bv  X's:  the  centers  closely  approximate  the  location  «>!  two  vort  k it v 
centers.  The  !>Uf»mb  height  fall  center,  previously  located  over  Western  Kansas  i  <'  hours  earlier, 
has  moved  into  southern  Michigan  and  appears  as  a  •  n  center. 


Finally,  in  Figure  Kb,  an  organ i/eq  si -if::.  system  appears  over  tb<  .-ir-t  :i,  .  s.  -  its  t.irtti 

began  as  a  baroclinic  leaf  the  previous  dav. 


Figure  1?8:  Surface  1 200/  29  November  19  79 


Pa t  terns : 


There  are  many  variations,  large  and  small,  in  the  shape  of  leaf  systems.  borne  are  long  ana 
narrow,  some  have  a  much  longer  cycLonic  and  ant icyc Ionic  curvature  along  the  poleward  side  (a 
longer  "S"  shape)  and  some  are  fat  with  the  anticyclonic  portion  appearing  as  an  arch  shape. 
Figure  sequence  179  depicts  some  examples  of  leaf  conf igurat  ions  and  have  been  empirically  re¬ 
lated  to  specific  features  of  the  wind  flow.  A  brief  description  of  tne  upper  level  pattern 
and  related  wind  flow  is  shown  below  each  figure  (after  Weldon,  1*7**)  . 


K7 

K7 

K5 

W 

The  upstneam  jet  is  ey- 
clonicalty  curved  and 
the  channeled  portion 
i s  likely  to  be  nela- 
tively  shont .  The 
pattern  i s  oiten  lo¬ 
cated  at  the  ba.se  on 
on  the  ^ont  4tde  0j(  a 
no.lativo.tij  high  a/npli- 
tade  t*ouqh.  The  jot 
axis  <4  mono  likely  to 
be  man  the  tcp  on  the. 
downstneam  end. 

The  up4t*eam  jot  is 
likely  to  be  relatively 
stnaight  with  a  tong 
channeled  *eatow.  Tht4 
is  seen  most  in  a  low 
amplitude  tnouah ,  in  a 
zonal  blow  pattern  on 
on  the.  back  vide  a 

tong  uwve  ftouqh. 

These  occut  <n  a  long  *tavc 
shallow  nidge ,  on  a *ion  an 
old  sunface  {rental  zone 
is  involved.  The  mid  level 
nidge  amplifies  rapidly. 
Weldon  lexers  to  this  type 
as  a  baroclinic  "arch”. 

Faftetn  I79d  la  crescent  shape) 
a/id  pattenn  7 7 9c  la  ci/cton<catPu 
bent  tetch  ihape  )  aie  sound  <n 
the  banoclinic  zone  around  a 
cfosed  tow.  Thene  <.4  no  tu¬ 
rf  feet  ton  point  on  convex  pant 
on  the  cold  side  bonden.  Al¬ 
though  these  patterns  one  quite 
dtrf fe tent  <n  shape  to  most  othet 
ba'toctouc  fearf  su  stems,  they 
have  the  same  relationships  to 
rftonfcqcrte st s,  ptectpttafton 
tnc 'tea.se  ,  and  wind  rftc Id 
teat unes.  They  rfc^m  in  the 

Zerft  £  tout  quadrant  orf  a  speed 
maxtmum  comtna  atound  the 
parent  efosed  tow  aforft. 

Figure  179a 

Figure  179b 

Figure  179c 

Figures  179d/e 

Evolut ion : 


A  baroclinic  leaf  evolving  into  a  comma  cloud  system  may  take  some  time  to  change,  ur ,  it 
may  be  fast.  Forecasters,  using  half-hour  GOES  scans,  may  not  immediately  notice  the  change 
that  is  occurring  within  the  leaf  system.  They  must  review  previous  pictures  over  several  hours 
to  detect  these  important  changes. 


Figure  sequence  180  shows  a  well  defined  barocLinic  leaf  pattern  at  12U0Z  which  changed  into 
a  comma  pattern  by  OOQOZ.  The  sequence  was  taken  from  actual  1R  photos;  the  highest  IK  tops  are 
indicated  as  the  unshaded  areas  (white  areas)  in  each  illustration. 
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I  i.Mffs  l*'.  an:  i  -  i-  t  .«  leal  p.itl  ern  whi.n  tvo.vea  a  .  cloud  sysler.. 

»‘l  i  the  .test  co.  ist  >i  North  A  .’i  .1.  In  i  Iv<,  the  ^vMe'i.  .i.,pe.ir.s  as  a  I  at  cloud 

shitjl  i  (A),  j:>d  i*  r  •  ..:•»•■  -  the  model  shnwn  in  I  i^un?  1  . .  U-u  n<<  rs  ]  itt-i  ,  figure 

lai,  u  corrn.a  cl.n/d  s'.sl.--  ’i.(>  rv-A  vt-.i,  !  n  i  ^  pirticu.ar  system,  did  r mi  hjvv  Hie  \.t:;iiiur  "V" 

notch  it  the  wes  ;■  r  h*  »we  vi*  r .  Idr  string  cwcl>»nic  curvature  noted  t>y  tin.-  or  row  in  figure 

i  ^  ,  indicates  th.it  tin-  iet  si  ri-,r  is  punching  into  i  hr  sysU*:::,  Ine  Hnm.t,  -dialysis,  figure  lnt», 
shows  the  let  stream  ;..m  t  «tii  .issmci.iI  fj  wim  the  Umi  .sysitc.  The  analysis  did  iiniiijt  r  thot  ,j 
jet  maximum  was  occurring  \  >ver  t  tu*  dot  a- sjor  se  area)  neor  the  western  end  ol  the  leal  system. 


M i seel  1 aneous : 

•  Leaf  Movement  -  A  feature  that  helps  in  the  recognition  of  a  leal  cloud  system  is 
its  direction  of  movement.  (ienerally,  it  does  not  move  in  the  direction  of  its  orientation  as 
shown  along  points  K-K  in  Figure  I  ft/.  Line  D-D  in  Figure  Id?  parallels  the  axis  of  the  chan¬ 
neled  jet  upstream.  This  stronger  jet  serves  to  push  the  leaf  system  southward  (digging).  Th 
most  likely  direction  of  movement  that  the  system  will  take  is  shown  along  the  dashed  line  (tM) 
it  lies  between  lines  D-D  and  b-L  but  closer  to  the  line  D-D  (channel  jet  axis). 


omma  I'lmil  IK*  vo  lopmenl  : 


Rev.ar  d  1  oss  .if  tno  comma  si/e.  whet  nor  it  is  a  small  vort  ivtiv  e.i  l- a  .»r  i  i  n  ►  r :  i: :  i .  i , 

l  no  concepts  o|  comma  syston!  io  vo  l  opmoiit  .no  similar. 

•  L)  i  t  l  oronl  i  ,t  l  Rotation  -  I'ho  ^  ^  .  i  shape  .>i  tin*  -1-uil  >vsif.  i  m,isc|  by  iisr.»r'i.in 

ot  tne  cloud  iii.iss  due  to  rot.it  ion  of  tho  .iir  around  i  .-fntcr.  li  tno  vs?  i not  tho 

clouds  will  movo  with  tho  rot  .it  in/,  win.l  tiell  is  shown  in  l'i.*.u:e  1 ’♦  *  .mi  /  r  ad  ua  1  1  v  develop  .i 
/ 1  shape  .is  illustrated  in  Figure  l  '■>  > .  In  t  h  i  •.  case.  tin-  luw  ;.ro^..ii  -■  enter  mi  tho  center 
of  maximum  vorticilv  wilt  be  tno  some.  It  tho  system  ;iove.>  eistwarl.  tin*  .-loud  system  undergoes 

tort  nor  .iistn*  ion  (see  Figure  l^h).  Tho  area  «»i  maxi  rum  v»rt  ioilv,  len»tei  !*v  tho  \.  moves 


•  Large-Scale  Comma  Cloud  Jevo l opment  -  An  Kxample  -  Tho  ovolut  ion  ot  1  arge-sca  1  o 

comm. »  cloud  s  vs  toms  is  much  moro  complex  th.it  the  t  hoorot  ic.tl  modol  shown  in  1  i  gur  os  i  unu 
1  hi  ‘j  .  (Note:  line  typo  of  comma  cloud  evolution  is  tho  baroclinic  lo.it  svsto;;.  which  w.is  pre¬ 
sented  in  Section  1,  Port  II.)  In  this  example.  several  disorganized  cloud  sub-systems  m.iy 
exist  prior  to  tho  approach  ot  the  vorlicity  system.  An  example  is  shown  in  1  ipures  1  ^  >  unu 
1^8.  In  Figure  197,  sever al  large  cloud  svstems  .ire  noted.  Baroclinic  /one  cirrus  lies  acros; 
Tex. is  and  the  lower  Mississippi  Valiev  area.  A  closed  upper  low  is  noted  by  the  I-  over  tho 
Four  Corners:  a  deformat  ion  /one  cloud  band  stretches  north-south  across  i  t ah  and  Wyoming. 
Higher  cirrus  tops  are  shown  across  the  upper  Midwest  and  are  occurring  along  an  old  ironl.il 
zone  . 


Approximately  eight  hours  later.  Mature  19s,  a  large  developing  comma  system  appears  over 
the  Rockies  and  Croat  Plains.  Rot.it  ion  within  the  approach  ing  vorlicity  center  is  noted  across 
the  central  Rockies.  The  system  intensit  ied  rapidly  when  it  began  to  recurve  toward  t  he  north¬ 
east  and  when  Cult  moisture  reached  the  system  and  began  to  release  latent  heat  into  Lhe  at¬ 
mosphere  . 


Comma  Cloud  Structure  (Ceneral): 

l'he  following  relationships  apply  to  comma  clouds  in  general  -  whether  it  he  a  s  ..  1 11 - 
scale  v  o  r  t  icitv  comma  cloud  (mid-level  system;  Figure  19V)  or  a  1  urge  -m’.i  1  e  comma  cloud  system 
us  shown  in  Figure  20u  (mid  and  high  level  system). 

•  "S"  Shape  -  The  most  distinguishing  feature  in  inosL  coiuna  patterns  is  the  char.iLler- 
istic  hack  edge  oi  the  comma.  This  edge  -  with  its  usual  "S"  shape,  or  ini  lection  point  ami 
reversal  of  curvature  (locations  K  in  Figures  199  and  Jllii)  -  is  generally  the  nest  >Jei  ineo  part 
of  most  comma  patterns.  The  comma  cloud  will  have  a  very  distinct  Pack  edge  (upwino),  Pul  the 
front  edge  (downwind)  will  be  ragged  as  indicated  at  locations  t  in  figures  199  and  /wo. 

•  I'omm.i  Head  -  The  comma  head  will  he  to  the  left  of  the  axis  oi  maximum  winds  in  an 

area  ot  large  PVA  (locations  H  in  Figures  199  and  2UU)  .  The  comma  head  (ends  to  lag  and  snows 
the  most  tendency  for  rotation. 

•  Surge  Region  -  The  surge  region  (locations  f )  is  the  dry  intrusion  of  air  into  the 
comma.  The  surge  region  is  located  near  the  region  of  highest  winds  at  a  level  near  the  cloud 
tops  (dashed  lines  in  Figures  199  and  200;  excluding  coiivecl  ive  activity).  The  surge  region  in 
both  examples  shown  in  Figures  199  and  2U0  would  be  moving  northeastward  more  r.ipidiy  wti  i  i  e  the 
part  t o  the  left  (comma  head)  would  be  lagging  and  tending  towards  rotation. 

-  _  _ _ _  •  t ’omnia  Tail  -  lhe 

s'*0000'^  '  comma  tail  extends  back  i 

X*  H  *  y  H  -  jt  the  surge  region  (locations 

/•  *  •  *  *•  /'  X  'v  l)  to  the  south  and  becomes 

V.  •  ^  I  s*"****!  ^  /  parallel  to  the  axis  oi 

\*  y  1  I  /  _  /  maximum  winds  at  cloud  top 

\/  *  y  g  V  /  j/T/  f  yr  level  (channeled  jet  )  *  i  t  h 

f — *  *  mX  W  *1/  /  /  the  edge  just  to  the  right  oi 

/J •  */  /Jj  /  /  the  axis.  generally,  a  cuio 

yX  *y  |  .  /  /  y  or  occluded  t  rental  system 

.Jr  »  ///  /  X  lies  alt mg  the  c y c  1  ot i  i c a  1  1  y 

y  I  y//  /  J*  curved  portion  oi  the  co;,.;;.,i 

y/f'  \  /  /  (loc.it  ions  1;  and  down  t  lie 

I //V  f  yX  *.v»srima  tail.  If  the  suri  ace 

Xtof  |  trontai  s vs l en.  has  not 

Figure  199:  \X  /S'  organ  i  zed ,  weather  (clouds, 

Vort  icily  Comma  Cloud  Figure  2(H):  pruc  ij. i t  at  ion  and  co.wj.-cl  ...i; : 

F'  will  be  associated  with  t  he 

comma  tail  and  not  related  t. 

Comma  Cloud  Structure  -  De i o  rma^T"^- Jht?  J°c‘u  iun  1,1  the  sur,’jCe 

re _ .  I  S  /IV  V  Iront. 
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Figure  199: 

Vort icitv  Comma  Cloud 


I  /* 


y 

Figure  200: 

Large-Scale  Comma  Cloud 


Comma  Cloud  Structure  -  De  forma-  1  yV 

t  ion  /ones  (Synoptic  Scale):  y  I 

The  streamline  flow  is  X  A 

respectively  shown  in  Figures  /  jp.  \  7 

2()  l  a  (high  levels)  and  2  0  J  b  (1  ow  I  H 

levels  below  700mb)  within  a  J  f\, 

mature  comma  cloud  system.  OO  !  I 

According  t  o  Weldon  two  defer-  Xm  / 

motion  zones  develop  within  ±X 

these  flow  patterns.  They  are:  ^ 

•  High  Level  De  forma- 

t  ion  /one  -  In  Figure  201a,  —  ~y/ 

clouds  form  and  expand  in  the  _ . 

upward  motion  area  (0)  in  ad- 

vance  of  the  vort  icitv  maximum  u  1  at  mty 

(X)  and  the  jet  maximum  (heavy  arrow).  The  air  slows 
and  undergoes  difluence,  some  turning  cyclonicallv 
around  the  upper  low  and  others  turning  anticyclon- 
ically  over  the  upper  level  ridge.  At  the  top  of  the 
comm. i  head  along  the  converging  streamlines,  a  dis¬ 
tinct  high  cloud  boundary  develops.  The  clouds  spread 
out  in  either  direction  (appears  to  stretch)  and  pro¬ 
duces  the  comma  configuration  shown  in  Figure  201a, 

In  Figure  201b,  the  low  level  circulation  center 
approximates  the  location  of  the  mid -level  vort icitv 
comma  cloud  system.  A  cloud  band,  which  forms  the 
comma  tail,  lies  along  the  converging  flow  as  shown 
in  Figure  201b.  In  the  low  level  deformation  zone 
(S),  subsiding  air  decreases  cloudiness,  and  the  air 
generally  becomes  stable.  The  lowest  cloud  Lops 
(excluding  convection)  within  a  comma  system  are 
generally  located  in  the  comma  tail.  Tops  decrease 
significantly  in  the  comma  tail  where  the  upper 
troughline  intersects  the  tail  (see  discussion 
on  page  10) . 

The  IK  satellite  photo.  Figure  202,  illustrates  these 
points.  In  Figure  202,  the  high-level  deformation 
zone  is  indicated  across  the  area  noted  at  D.  The 
low  level  deformation  zone  is  shown  at  S  along  the 
comma  tail.  Note  that  the  higher  level  cloud  tops 
end  at  the  troughline,  however,  a  lower  level  cloud 
band  extends  smit  hwes  t  ward  down  the  comma  tail  as 
marked  bv  the  arrows  in  Figure  202. 


Figure  201b: 

Low  Level  Circulation 


fcach  mature  comma  system's  cloud  structure 
is  different,  and  it  will  not  always  resemble 
the  model  shown  in  Figure  20b.  (-inures  ci>-> 
and  20b  illustrate  two  examples.  I  he  overaii 
appearance  of  the  system  depends  upon  the 
configuration  of  the  associated  vort  icily 
system  -  e.g.,  the  strongest  PVA  area's  ori¬ 
entation  may  become  different  than  the  t'VA 
area  (B)  shown  in  Figure  204.  Sometimes  in 
mature  comma  systems,  the  rotation  center 
pulls  away  from  the  circulation  center  to 
develop  a  new  low  further  to  the  east:  this  is 
shown  in  Figure  20b.  The  old,  vert  ica  1  l  y-deep 
low  will  die  and  a  new  low  will  form  along  the 
haroclinic  /one  ahead  of  the  approaching  short 
wave  vorticity  comma  (a  common  occurrence  over 
the  northeastern  U.S.). 

iNote:  The  three  cloud  suh-syst ems  (A:  B  and 

(’)  shown  in  Figures  204  through  20b  were 
presented  on  page  ib.) 


Factors  to  Consider  when  Studying  io-cm  Ulouds 

A  comma  cloud  system’s  overall  pattern  mav 
change  s  i  gn  i  f  icanf  I  y  within  a  sht»rt  per  too  <>i 
time,  especially  with  rapidmoving  short  wave 
svstens.  Organized  comma  systems  moving  over 
the  western  U.S.  from  the  Pacific  ocean 
(Figure  207)  may  become  poorly  defined  in 
satellite  pictures  in  just  a  few  hours 
because  moisture  is  depleted  while  moving 
across  the  mountains. 

Infrired  photos  should  be  used  to  identity 
comma  cloud  patterns  as  shown  in  Figures  2ue 
and  2l )9.  The  temperatures  at  cloud  top  level 
should  enable  forecasters  to  determine  how 
deep  the  system  is.  In  Figures  cue  and  2ov 
(short  wave  systems),  the  highest  tops  shown 
in  the  comma  systems  over  the  central  and 
western  U.S.  are  in  the  -30  t  o  ->vi7  range 
which  would  indicate  cirrus  tops  to  tin.* 

400mb  level.  (Use  the  Skew  f  to  determine 
he ight  . ) 


Figure  20H  :  1400/  24  November  ]4M) 
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ion  ih.it  was  presented  dealt  with  the  develop- 
svsteri.s.  Jn  this  section  we  will  look  at 
~i  -ire  not  ;..irt  ot  .s  l.irge  comma  system.  They 
!  ir^t*r,  ::..iture  o*M:.!:.a  cluud.  ur  ,  a  short  wave 
linic  zone  to  enhance  l  nmtdl  waving  ana 
elup  rapidly,  .md  tneir  interactions  with  large 
ist,  unstable  ,'uncs,  require  close  examination, 
ect  ion  will  help  to  re  casters  to  recognize  some 
ile  reading  this  section,  that  we  will  be  ais- 
t  ot  the  main  vorticity  system  located  witnin 


Vor  t  t  c i t  v 


‘loud  Patterns  (figures  2 1  1, 2  14 , 2 1  3)  : 


The  development  arid  structure  ol  vorticity  comma 
svsters  were  discussed  in  the  previous  section.  The 
appearance  of  a  secondary  short  wave  vorticity  comma 
cloud  :::av  take  on  r,anv  forms,  especially  during  the 
developmental  stable  when  it  is  moving  southeastward 
towards  the  base  of  the  main  trough  system.  Initially, 
the  comma  mav  appear  as  a  thin  line,  a  blob,  cluster 
or  an  elongated  cloud  hand.  When  the  vorticity  center 
emerges  from  the  base  of  the  trough  and  begins  to  move 
northeastward  (increased  PVA) ,  it  will  generally  assume 
the  shape  of  a  comma  cloud.  The  following  three  ex¬ 
amples  illustrate  the  most  observed  patterns  of  lor  - 
mat  ion  and  development  according  to  Miller  (2).  These 
patterns  will  be  referenced,  where  appropriate,  in  the 
various  synoptic  examples  that  will  follow  later. 

Pattern  1  -  Figure  213  depicts  the  classic 
comma ;  it  becomes  increasingly  well  defined  in  the  mid 
troposphere  when  it  moves  into  an  area  of  upward  vert¬ 
ical  motion  and  PVA  (and  in  a  zone  ahead  of  which  low- 
level  f rontogenes i s  is  taking  place). 

Pattern  2  -  Occas ional 1 y ,  a  comma  cloud  will 
not  attain  the  distinctive  comma  shape  but  will  still 
initiate  convective  activity  (and  perhaps  cyclogenesis) 
as  it  approaches  and  moves  over  favorable  lower  level 
features.  This  is  illustrated  in  Figure  214. 


Figure  214;  Blob  or  Band  Comma 


■MC.W.  > 


F  igure  21s): 


Invisible  Comma 


Pattern  3  -  When  the  mid  and  upper  troposphere  /  Ss 

levels  are  too  dry  to  support  cloud  formation,  the  ccwa  f>v  s:  f cmJTo  c e 

comma  will  not  become  apparent  until  or  unless  thunder-  to$  usiBit 

storms  develop  (invisible  comma;  Figure  213).  In  these  0 

instances,  conventional  data  must  be  used  and  close 
watch  maintained  for  the  first  signs  of  line  of  cloud 

development  on  the  satellite  imagery.  The  activity  is  triggered  by  the  approach  of  the  PVA  area 
over  lower  level  moisture  and  stability  fields.  As  thunderstorms  develop,  low-level  moisture  is 
transported  upward,  and  in  time,  the  comma  shape  becomes  evident. 


Svnopt ic  Examples; 


•  Example  1  (Figures  216  and 
217)  -  In  satellite  photos,  smaller  short 
wave  troughs  interacting  with  a  large 
storm  system  often  develop  along  the  main 
troughline  as  noted  by  the  arrow  in  Figure 
216a.  Several  of  these  small  commas  may 
form  and  move  eastward  to  produce  increased 
cloudiness  and  precipitation  for  several 
hours  behind  the  main  system.  On  the  sur¬ 
face  analysis,  Figure  216b,  these  secondary 
commas  are  reflected  by  showery  precipita¬ 
tion  (thunderstorms  may  occur  if  conditions 
are  favorable)  along  and  ahead  of  a  wind 
shift  trough.  Each  successive  comma  brings 
with  it  a  new  surge  of  prec i p i t at i on , 
colder  air  and  acccompany ing  gusty  winds. 
Figure  217  reveals  a  springtime  event;  a 
small  vorticity  comma  system  (arrow)  is  ro¬ 
tating  through  an  old  mature  system.  The 
small  comma  is  composed  of  thunderstorms . 


In  this  p.irticul.ir  ex.inplc,  the  vort  icily  c.-nt  or  moved  into  the  comm.i  t.iii  r.iihor  th.in  the 
comm-t  he. id  .md  friepored  thunderstorms.  In  previous  discussions  it  w.ts  mentioned  thul  ,  tvpie^l- 
lv,  f  he  southern  end  of  .»  comm.i  t  .1  i  l  h.is  lower  cloud  lops  excluding,  convection.  The  lesson 
le.irned  i  fi  this  ex.iirple  is  t  hot  e.ich  system  is  ditlerent  .md  the  re  I  .it  ionsh  i  ps  between  1  ;irge 
comm.i  und  sm.ill  yorl  icitv  comm.i  systems  will  h.ive  n.mv  v.ir  i  .it  ions  . 


•  FxaT.pU-  .  •' M  -if  v  .  L-)  -  This 

|uti  !  ern  is  i  imhii  during  t  t . * ■  .-II  si-.ism 
Ur  iss  t  iu'  ims(  t*rn  unf-lti  ir<!  -it  t  hi-  !  . 'i 
vhi'ii  long  wav**  tri.iii’h  sv>tr^  ;  ivv.i  i  1  . 
sh.iri  w.t  ve  svitfr.s,  "’ttviTi,-  r .  * ;  iilv  s.iuti 
.msU'.it  f  t  roe;  ,'i'rw  r>ii  <oiida  .icr>'>.>  t  no 
real  lakes  iriM,  induct-  waving  and  cv- 
c  l  .uu'iu-s  i  s  .ilon/  the  nl  icr  har.»c  1  in  i 
I  rent  a l  /one.  (Note:  Ibis  patter:  and 

st*  vor.it  othi*r  si:*,  ill  r  :  .11  tenis  will  he 
shown  in  Part  III,  P.it  t  i-riis  ■  >  ,•  iv./J.;- 
*  oil's  i  s  . ) 


,.,J:  I  ^  *««  ^ 

i!lv  is  not  well  defined  a: s  it  m<  >  ve  s  It-ipuro  .■  :  Vorticitv  bunma  Approach  i  nr  haroclinic 

southeast  war  i  towards  the*  the 

m  i‘)v  trough  svsteT. .  It  mav  appear  us  i  band ,  t  *  1 « »t  *  (or  enhance*!  cumulus  cluster)  us  shown 
-arlier  in  Figure  2  1  ■♦ .  The  satellite  picture,  Figure  g^I,  illustrates  a  lund  cont  igurat  ion  ot 
the  short  wave  comma  system  (H). 


3 


2  irt.i  :  Now 


H/uro  ,•  :  Vorlicitv  homma  Approaching  haroclinic  /one 


2  drth :  Lai  er 


Later,  F  igure  2  iNb ,  us  the  vorLicity  center  ;:.oves  into  t  lu*  long  wave  trough,  the  comma 
iecor.es  well  defined,  and  induces  a  "S’*  shape  (developing  surge  region  noted  uy  the  arrow  in 
Figure  2  l.sh)  which  produces  frontal  waving  and  cvi  1  agones  is  along  the  old  trontal  /one. 

*  last*  Sludv  1  (figures  2  14  through  2*1)  -  Figures  2  14  and  24  (*  respect  ively 
lepict  the  5(Himb  and  surface  analyses  several  hours  prior  to  Lhe  satellite  picture  shown  in 
Figure  24 1.  In  Figure  /l1#,  a  long  wave  trough  system  is  noted;  short  wave  troughs  would  be 


lifficult  to  locate  within  this  particular  pressure 


At  the  surface.  Figure  240 1 


trontal  cyclogenesis  h*s  begun:  the  primary  low  tor  continued  development  is  likely  to  be  the 
Penns  v  1  van  i  a  low.  The  satellite  picture,  Figure  24],  .shows  a  short  wave  comma  cloud  (b;  see 
Figure  .Md  located  over  eastern  Pennsylvania  approach  inp  tne  large  haroclinic  zone.  This 
short  wave  system  has  induced  frontal  cvc logenes i s ;  the  short  wave  is  reflected  at  the  sort  ace 
(Figure  J  '♦  v ) )  hv  the  secondary  east -west  trough  svsien.  located  across  the  ureal  Lakes. 


•  (  use  Studv  2  (Figures  2*2  through 
24  5)  -  In  this  example,  the  upper  f rough  system  is 
not  as  pronounced  as  the  trough  system  shown  in  the 
previous  example.  The  5()0mb  analysis.  Figure  242, 
approximately  seven  hours  earlier  than  the  satellite 
picture  shown  in  Figure  241,  reveals  a  strong  50Umb 
jet  stream  (75-80  knots)  over  the  upper  plains  states 
moving  southeastward  towards  the  Mississippi  Valley 
area.  This  jet  maximum  undoubtedly  reflects  a  short 
wave  within  the  flow,  but  it  is  difficult  to  find  in 
Figure  242.  The  satellite  photo,  Figure  241,  how¬ 
ever,  gives  a  clue  of  the  short  wave’s  presence  - 
a  developing  comma  cloud  located  over  Illinois  as 
noted  by  the  arrow.  At  the  time  of  the  photo,  the 
vorticity  comma  is  composed  mostly  of  a  cluster  ot 
enhanced  cumulus.  Soon,  it  will  move  into  the 
stationary  haroclinic  /one  noted  over  Indiana  and 
Michigan  and  eastward.  Frontal  waving  has  already 
begun  as  shown  in  Figure  245, 


F i gur e  24 l : 


2  February  1481 


Jftorm.it  i  *  'll  /ones 


Do  t  orm.it  i on  /one  cloud  p,.l  lorns  .issm 
oi  the  preceding  sections-  Jn  this  sect 
in  t  orecas  t  ing  will  he  shown. 


ed  with  comma  eloiiii  \  stems  were  presented  in  some 
odd  it  ion.il  >li,tnr:Mt  i«>n  patterns  and  their  uselulness 


Deformation  /ones  ore  neutral  points  in  nu-  .it  mnsphore  *  s  n.ot  t.m  rel.it  ive  t>  itself.  Del  or* 
notion  /ones  ore  observed  in  the  cloud  -not  ions  .tml  in  the  w  in«l  tields  .it  all  levels,  .imJ  jjmijv 
seem  to  ottecr  .1  verv  deep  lover  ol  the  atmosphere;  signiliconl  clouds  and  precipitation  ore 
associated  with  these 

In  the  upper  atmosphere,  these  del  orin.it  ion  _ _  _ 

/.ones  tnov  he  found  by  subt  roef  ing  the  earth's  ^  ’  y  1  "  1 

rotation  t  roi::  the  wind  vector.  In  Figure  232,  — -  v'  \.  _ 

the  shaded  ore.is  mo r k  continent  /ones  where  \ - .) 

clouds  form.  The  shope  of  these  clouds  depends  \  f  V.  / 

upon  the  synoptic  pottern,  the  omount  of  con-  V  (  \  /  \s 

vergence  ond  the  ovuilubilitv  of  moisture.  \\  ( 

Figure  sentience  23  1  i l lust  rotes  some  ot  the  more  \.  \  r  f 

common  deformot  ion  cloud  forms  observed  in  solel-  j  / 

lite  photos  (of  course,  nionv  voriotions  ond  com-  >.  y 

hi  not  ions  of  these  pot  terns  ore  likely).  N.  \  f 


Figure  2  32:  (Ion fluent  /one- 


Figure  2 3  la: 
Voung  Fomina 


Cose  examples  (IK  Photos): 

The  following.  IK  cose  exomples  show  severol  detormat  ion 
in  Figure  23  1.  Some  convent  iono  1  dot  o  is  olso  included. 


pes  r el. 1  tod  to  the  pot  terns 


•  Kxample  I  (Figures  23a  ami  2*)-j)  -  In  figure  23a,  the  mid  level  cloud  pot  tern  shown 
over  Kansas,  Nehrosko  ond  the  hokotos  resembles  the  fountain  -  like  detormol  ton  /.one  pottern 
shown  in  Figure  231c.  Some  ot  the  clouds  curve  cvclonicollv  around  o  low  in  western  Oklahoma 
(R;  see  white  largo  arrow)  while  the  other  clouds  curve  ant icve Ion ica 1 1 v  around  on  .id  jocent 
ridge  (S;  see  arrow).  I'he  3l)0mt>  analysis.  Figure  233  shows  the  high/ low  pressure  combination  to 
produce  this  deformot  ion  pattern.  In  Figure  23a,  the  deformation  cloud  bond  stretches  eastward 
across  Iowa  to  the  Ohio  Volley  area  -  a  reflection  of  the  converging  wind  llow  shown  across 
Nebraska  and  Iowa  in  Figure  233. 


•  Example  2  (Figures  25b  and  lb!)  -  The  following  example  tyjiii  ies  a  del  orinat  i  on  zone 
V.'  1 1  uid  pattern  associated  with  blocking  patterns.  The  high  svsteni  is  poleward  ol  the  low.  This 
pattern  is  observed  off  the  West  ('oast  during,  the  winter  season  when  blocking  highs  become 
established  across  Alaska  and  western  Panada  and  adjacent  ocean  areas.  Figures  Z5b  and  2 5 / 
illustrate  this  pattern.  The  5UUmb  analysis  {Figure  d5»j)  depicts  a  blocking  high  in  the  Pull 
of  Alaska  which  has  produced  a  fetch  of  cold  Canadian  air  into  the  central  I'.S.  plains.  In 
Figure  25’,  a  deformation  zone  cloud  system,  noted  by  the  arrow,  is  located  west  ut  Oregon;  it 
compares  favorably  with  the  de format  ion  zone  <’  patLern  in  Figure  2b  A.  Forecasters  may  use  this 
cloud  svstem  feature  as  a  tool  in  determining  either  the  persistence  or  the  breakdown  of  the 
blocking  pattern.  For  instance,  it  the  deformat  ion  cloud  pattern  shown  in  Figure  25/  con¬ 
tinues  in  subsequent  nhotos,  then  there  is  no  apparent  change  in  the  blocking  high  pattern. 
Conversely,  if  the  <!♦’  L  t  rm.»t  ion  cloud  system  shown  in  Figure  ibl  begins  to  dissipate  or  shift 
to  another  area,  tin  . ,  level  changes  are  occurring. 


Elongated  Mature  Comma  Deformation  Zone  (’loud  Hands  (figures  25a  through  2b0) : 

Forecasters  should  pay  particular  attention  to  deformation  zone  cloud  bands  which  stretch 
some  distance  upstream  from  the  main  comma  system  (see  points  (’  in  Figure  2bu)  .  In  these 
cases,  the  associated  vorticity  comma  and  haroclinic  zone  cloud  system  continue  to  move  east¬ 
ward  while  the  vert ical 1 v-deep  upper  low  lags  behind.  Eventually  the  old  low  dies  and  a  new 
low  deveLops  further  to  the  east.  An  example  follows; 

The  500mb  and  surface  analyses  (respectively  Figures  25a  and  254)  portray  the  synoptic 
events  during  the  morning  hours.  An  upper  closed  low  and  its  related  surface  storm  are  shown 
emerging  from  the  southern  Rockies.  Two  hours  later,  the  satellite  photo,  Figure  2bU,  reveals 
the  c vc Ionic  circulation  of  the  storm  system  over  Kansas  and  Colorado.  This  system's  comma 
shape  is  somewhat  ill-defined:  the  haroclinic  zone  (A)  appears  to  have  separated  from  the 
deformation  zone  cloud  hand  (C)  within  the  col  area  of  the  comma  head  over  eastern  Iowa.  The 
vorticity  comma  system,  noted  at  B,  appears  as  a  cloud  band. 


Figure  260:  1400Z  4  March  1981 


F i gur  e  26  l  : 


5  March  19^1 


The  separation  of  these  cloud  systems  and  the  Ion*,  stretched  deformation  zone  cloud 
Ten  hours  ?,rbrtW^n  P°‘a^  C  U  indicator  that  upper  level  chanp.es  are  likely  to  happen. 
If  .  i  5  Riire.26i’  two  circulation  centers  are  noted.  The  old  center  /uiar  kedH 

by  the  dashed  white  L,  is  decaying  while  a  new  center  is  forming  over  southern  Missouri 
isoiid  white  L) . 

,„„Tht  ab°ffe  seouence  occurs  more  often  over  the  eastern  U.S.  old.  vert  ical  1  v-deep  occluded 
a?ona  Sh  treat  Lakes  slow  down  and  fill  while  a  new  frontal  storm  system  develops  either 

along  the  East  Coast  or  offshore  (or  a  combination  thereof). 


Deformation  Clouds  Forecast  Movement  of  Low: 
Trying  to  forecast  the  short  range  motior 


arl|ryi  g  [°  i?p*casJ  the  snort  range  motion  of  closed  upper-air  lows  using  upper  air 
u  be  dlff  iculti  object  ive  analyses  often  miss  important  details  bv  being  too 
smooth.  However,  satelUte  pictures  can  be  ot  great  help  especially  it  a  good  hand  u i 
deformation  cloudiness  exist  upstream  from  the  closed  low. 

The  reasoning  is:  if  a  closed  low  exists,  there  is  a  splitting  m  the  flow  (deform  jt  i  on  ) 
upstream  from  the  low.  When  the  low  center  is  essentially  stationary,  the  deion-at  on  ‘1  el^ 
will  remain  strong  and  the  associated  deformation  cloudiness  will  persist.  However  it  the 
low  center  is  on  the  move  the  deformation  cloudiness  will  decrease  wi th  t ime  (  5)  .  ’ 

aNf!r:  9urrentl>^  investigations  regarding  significant  turbulence  within  areas  of  upper  level 

deformation  zones  are  being  done  by  NESS.)  h  r  eJ 


b tCl'l ON  6:  Convective  Neither 


CUtS  satellite  data  is  one  ol  the  Dost  puwt*r  i  u  l  tools  available  to  help  forecasters  isolatt 
areas  in  which  convective  and  severe  convective  weatner  is  occurring  an  1 ,  in  addition,  can  be  . 
very  powerful  short  range  forecasting  tool  to  the  astute  forecaster. 

there  really  is  no  magic  inviji  .*  i .  As  you  have  learned  in  school  ,  convective  activity 
requires  moisture,  instability,  an  *  r  '  gger  .  This  section  w  i  1  1  concentrate  on  helping  trie 
forecaster  to  -.earen  out  the  clues  il!  le.id  to  correctly  f orecasL ing  thunder  st  oni 

out  or  e.tks . 

Upper  Love.  J:  /  't  ■_  i  : 


Severe  convective  weather  is  frequently  associated  with  a  high  level  divergence  /one 
between  the  subtropical  jet  and  the  southern  branch  ui  the  polar  jet  (Figure  2b2).  since  these 
two  let  streams  are  at  different  levels,  it  is  often  hard  to  locate  then;  both  on  the  same  con¬ 
stant  pressure  charts.  The  cirrus  shields  and  bands  shown  in  infrared  photos  are  an  excellent 
wav  to  locate  jet  streams  (see  pages  2U-27).  Figure  2bi  illustrates  this  principle.  A  difluenl 
area  between  these  lets  encompasses  an  area  from  the  centraL  plains  eastward  to  the  Last  Coast . 
Thunderstorms  are  visible  :  roi;i  Oklahoma  to  the  Creat  Lakes  as  noted  by  the  arrows.  The  diilu- 
ence/ threat  area  shown  in  Figure  2b  j  covers  a  large  area;  forecasters  must  still  locate  tne 
most  likely  area  where  convect  ion  will  tire  (low-level  moisture,  instability,  convergence, 
etc.)  within  these  large  <1  i  fluent  areas. 


CONFLUENCE 


OIFLUENCE 


NO  THREAT 


-^BTHunum  Jff 


Low-Level  Convergence  (Figures  2b,  through  2b a) : 

Many  of  the  most  severe  outbreaks  •>(  convec- 
t  ive  activity  occur  along  squall  or  instability 
lines  which  develop  in  tne  convergence  /ones  in 
ad  v  anc  e  of  cold  I r  o n  t  a  1  sys  t ems ;  an  ex  amp  k1  is 
shown  and  nored  bv  the  arrow  in  Figure  2bu.  The 
first  activity  usually  develops  on  the  western 
side  of  ihe  low-level  convergence  /.one  and  travels 
eastward.  The  reason  for  this  is  tnat  tne  ver¬ 
tical  .notions  are  stronger  here,  the  moisture 
content  is  highest  here,  and  the  solar  insolation  reach i 
air  just  to  the  west  of  this  region.  The  convergent  /on 
sometimes  is  quite  far  in  advance  of  the  cold  front  (see 
are  visible,  you  will  frequently  see  a  wedge  shaped  /one 


:hing  the  ground  is  greater  in  tne  clear 
tone  is  usually  visible,  though  it 
see  Figure  2bu).  If  the  low-level  clou  is 
>ne  of  small  cumulus  clouds  st reaming 


south  to  norm  and  pernaps  spiraling  towards  the  center  of  tne  advancing  low  pressure  syst 
If  a  cirrus  shield  exists,  forecasters  may  have  to  relv  on  the  convent  iunal  wind  data  and 
stream  Line  analyses  to  determine  the  areas  of  greatest  low-level  convergence  and  on  dew  ; 
analysis  to  locate  areas  of  greatest  humidity  to  determine  the  mosi  active  regions.  The 
degree  ol  instability  must  be  obtained  from  Skow-f  charts. 


"uiMi'w  rtoi.p,' i .if  i es  (Ar  ‘  v  luids': 

vi’ellite  fiVitir-.v  ii  iv  ;  r..cen  iti.il  t  tiuiit.-f  *? :  < »r-  s 
'■,11!  !v  ■  ieve  I op  in  .irt*  i>  wh  i  -h  r«‘i-iMvc  -  i  . 'Mr.  ^il  n- 
risd  if  Lm  '  J  oud- free  ire.»:,  i.  As  rhe>e  s  ?  o  r - 
si;  ale,  !  hey  pro  la. -e  an  .i.lit  "v*  !"uin.!  irv  ^  ivil.it  t«> 
i  ’’■mi"  v«'M  l  r>‘nt  toft  on  pitied  i  gust  i  r  <  >  r  i  f  -r  .ir 
,  )  i  i-j  i  .s  ’i  us  t  *'  e  v  1  i  ;  s  i  ;  .  1 1  .  M  •  nr  e  c  • !  i  1  1  um  *  r  i  ’  es  .  c 

>*■.]!  i  I .  >  u  hound  irv  iv  ss  n-  .r  i  lip;- Nississip;  i  1 1 1  - 1 

A!  ih.r  i  <  see  >.*)  .  Paring  t  hr  .*ar  si-  c-.r,,  '..Ml..;-. 

Sn  und  ar  i  e  s  Pi  r.  ‘e  seen  <»n  r".>st  vis  ltd  e  satellite 
pi  ‘tares  >uph  ,im.  mmi-a-.  if  A.  Figure  .  J.  !:.e  iroi.l  er 
dark  .irc  is  w  i  :  r.  in  I  tir  u-  ..1  ,:s  >!  rn>i  >,  ire  .ire. is  - 1 
irirr,  cooler  tir  (, down v  l; sh )  f;.catc-i  behind  f  ne  st¬ 
out  i  low  boundaries  t,  H  ,  1  igure  c  ,  1  )  :  t  tie  parent  thunaer- 
sli'r;  has  lissipaied  an  1  is  no  longer  visitde.  In 
r  i *  i. :  r «_»  g  1  ,  new  concept  ion  is  tor;;,  in/  il  -ng  the 
. -i:l  I  li'tv  boundary.  In  Figure  . '  J ,  t  ho  i.ishe  \  lira* 

;  nd  l  /.if  es  l  hr  leading  edges  .»{  out  1  low  !>•  e.nd.i  r  i  t-s 

not  e  i  in  Figure  J  1.  'Not*.*:  >*  t  rs  v  out  i  low  noun  i  if  ,  >-s 


hnandar  l  os  Pin 


>t  o  i  in  1-  i.’urc 


•r  in. in  trie  undurv  .it  A  in  f  i  ‘ur« 


A 1  abac  o  in  \  M  i  ssour  i 
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ggoit/  ]u  .lulv  1  1 


Intersecting  Boundaries  anti  Convection: 

The  out  1  low  boundaries  move  awav  f  r » >r  the  Imso 
f  the  i)  a  rent  cloud  and  interact  with  outflow  lnuin«:- 
aries  iron  other  such  stores  (Figure  i  a  and  I  ^ 
or  with  existing  boundaries  such  as  fronts,  so. » 
breeze  fronts,  moisture  ridges,  etc.., to  cause  new 
t  hunder  stor:n  development  (after  Pur-lom,  !'*'**)(«). 

The  new  storms  are  likelv  to  be  more  severe  th.m 
their  parents  due  to  the  added  cnergv  of  low- level 
p< invor  dence . 


FBI  Nl  &»  CQXVtAilNU 


I  ARC  CLOUDS, 


Some  of  these  outflow  boundaries  have  lone  live* 
(some  have  been  recognizable  out  to  b  to  In  hours) 
while  others  can  he  monitored  for  only  two  to  three 
hours.  The  greater  the  intensity  of  the  parent 
thunderstorm,  the  more  obvious  and  l one- lived  the  i  , 
that  cirrus  will  obscure  their  view  of  outflow  Nun 
forget  that  these  boundaries  still  exist  and  should 
f f>r  TRe  area.  Thov  must  also  remomhnr  that  ponvept 
■  n  the  t  iine  of  day  so  they  :nus <  maintain  c<»nt  imi;t\ 
>1  interest  using  ponvent  ional  fata.  Let's  i<>«4  at 


Figure  S/U  Intersecting’  Koun  la 


:  i  imv  boundary.  Forecasters  must 
tries  on  many  occasions,  but  t ney 
•e  cons  i  .lered  in  the  short  range 
ce  cl*>u-l  development  is  es;»ec  i  ili 
a.  ;  p.n  uri'*.  t  fi.it  ,ife  located  n  t 


must  not 
t  ore cast 


•  hist*  St  udv  (figures  .  *  t  hr  onph  / 

>1  f .he  things  iiscusst'l  above.  Starling  at 
intense  onv-*gi  ion  over  eastern  Tex  is  and  1. 


our  s  tde  ..j  this  .  - 
that  an  old  f  runt  ,i 
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in  mature  comma  systems,  t  he  ucciuKion  and  the  l. 
moving  port  inn  of  the  cold  front  ore  easy  tn  loc, 
they  lie  along  the  western  end  *»t  the  cloud  svst  < 
within  the  surge  region  os  shown  at  F  in  Figure  . 
The  slower  trailing  port  ion  *>f  the  cold  i 'ront  w:l 
be  near  the  t  ront  side  of  the  cl-Hi-l  hand  os  shown 
1  >  in  Figure  290,  War  :i  fronts  ore  difficult  to  pi 
across  the  comma  head  where  a  large  area  i-i  elou>i 
ness  exists.  Conventional  data  should  h«  used  t. 
loc.it  e  warm  fronts. 


Cut  oft  Lows: 

Cutoff  lows  appear  ::;.»re  ojten  during  t  tie  t  ransi- 
tional  pi*riods  of  aut  umn  and  sprinc  recn.se  the  >na  i  n 
belt  «>t  westerlies  lies  across  the  northern  i  .  .*> .  anti 
Canada.  In  Figure  J4i,  rw»>  cuto;j  io**  systems  are 
shown  across  the  southern  l  .S.  "eras  i  on.il  1  v ,  short  - 
wave  trough  svstems  moving  ltirov;gh  t  he  westerlies 
extend  far  enough  southward  ini"  the  central  and 
southern  I'.S.  so  that  conditions  tavi*rohle  t «.» r  a 
closed  low  circulation  are  established.  Preceding 
and  during  the  cut  oil  period,  the  main  jet  stream 
continues  to  lie  to  the  north  although  a  weaker  jet 
may  appear  within  the  closed  low  circulation.  Cutoff 
lows  may  occur  over  any  area  of  the  I'.S.  at  any  time 
ol  the  year.  They  seem  to  favor  the  area  over  the 
southwestern  and  adjacent  ocean  areas.  These 

systems  often  move  slowly,  and  it  is  not  uncommon  for 
one  to  appear  continuously  on  the  upper  air  charts 
for  a  week  or  more.  Cutoff  lows  sometimes  appear  as 
a  result  of  blocking  patterns  and  may  remain  nearly 
stationary  for  davs  until  the  block  has  broken  down. 


1  igur e  2S l 


The  surface  weather  associated  with  these  systems  varies  and  is  dependent  upon  the  cutofl 
low's  area  of  development.  Heavy  rains  and  flooding  conditions  may  occur  over  the  central  and 
eastern  I’.S.  tor  several  days  when  a  cutoff  low  moves  into  or  develops  over  the  south-central 
I'.S.  The  suriace  system  circulation  is  generally  weak.  Widespread  fog  format  ion  is  possible 
.liter  passage  of  a  cutoff  low  duo  to  the  weak  pressure  pattern,  clearing  skies,  cooler  temper¬ 
ature  and  a  wet  surface.  Let's  look  at  a  case  study. 

•  Case  Study  -  The  following  cutoff  low  system  affected  the  central  C.S.  lor  at  least 
a  week.  Satellite  and  conventional  data  are  included  with  this  autumn  event. 

Figure  g92  depicts  the  IK  satellite  photo  approx imateiv  12  hours  before  upper  low  develop¬ 
ment  .  A  short  wave  vorticity  system  (X),  located  over  the  central  Rockies,  is  moving  towards 
a  weak,  stationary  baroclinic  /one  cloud  system  (A)  lying  iron  Texas  to  tne  Croat  Lakes.  The 
related  bOOmh  He ight / Vort ic i t y  initial  analysis.  Figure  293,  reveals  the  Rocky  Mountain  vor¬ 
ticity  system.  The  baroclinic  zone  (A)  is  weak  -  the  vorticity  isoplelhs  barely  cross  the 
height  contours  across  the  central  plains. 
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Figure  292:  OOOOZ  31  October  1981 
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Tropic.il  storms: 


Tropic.fi  storms  appear  t>n  the.*  satellite  scent-  during  the  worm  season  usually  by  lute*  summer, 
1‘hev  may,  however,  appear  as  early  as  May.  Tropical  storm  events  generally  end  by  late  October 
or  early  November. 


•  Western  I'.S.  -  Tropical  storms  are 
frequently  found  on  satellite  photos  south  of 
Baja,  California  such  as  shown  in  Figure  UCj. 
They  form  off  the  west  coast  of  Mexico  and 
Central  America.  System  movement  is  generally 
towards  the  west  or  northwest  dissipating  as 
they  move  across  the  vast  expanse  of  the 
eastern  Pacific.  Occ.is  ional  l  y  ,  however, 
tropical  storms  will  drift  northward  or  north¬ 
westward  to  affect  Baja,  California,  Mexico  and 
the  southwest  L'.S.  (more  likely  to  drift  north¬ 
ward  during  August  and  September  as  the  subtrop¬ 
ical  ridge,  located  over  land,  weakens  and 
shifts  southward).  Consequently,  increased 
moisture  and  instability  associated  wiLh  these 
systems  produces  heavy  t hundersl or ms  and  flash 
floods  over  the  desert  southwest.  The  effects 
of  these  systems  may  even  be  felt  over  the 
southern  Rock ies  eastward  into  the  Croat  Plains; 
the  associated  cloud  systems  can  he  easily 
tracked  on  satellite  photos. 


•  blast ern  F.S.  Cult'  Coast  -  Marly  warning  is  generally  provided  to  U.S.  interests  when 
tropical  storms  form  within  the  l  TCV  across  the  central  Atlantic  eastward  to  the  African  coast . 
On  the  other  hand,  coastal  forecasters  may  he  surprised  by  the  quick  development  ot  a  dis¬ 
turbance  over  the  warm  waters  of  the  Atlantic  Ocean,  Caribbean  Sea  and  oulf  of  Mexico  (Figures 
Tub  and  107,  respectively  visible  and  IK  photos). 


An  example  of  a  (!ulf  of  Mex  i  ?o  event  is  now  shown: 

•  Kx ample  -  Forecasters  should  suspect  all  disorganized,  deep  convective  cloud  systems 
which  appear  offshore  such  as  shown  across  the  eastern  Culf  of  Mexico  in  Figure  KJtt  (the  cloud 
system  shown  in  Figure  10b  is  often  designated  an  easterly  wave).  These  systems  may  he  upgraded 
from  a  tropical  depression  to  a  tropical  storm,  or  perhaps,  a  hurricane  within  a  short  time. 


FART  111 


PATTERNS  OF  CYCLOGENESIS 

This  parr  is  designed  to  illustrate  basic  comma  cloud  cyclone  development  patterns  as  seen  in 
satellite  pictures.  The  information  that  follows  was  extracted  from  the  NWS  satellite  training 
course  notes  (1975;  unpublished)  by  Mr.  Roger  Weldon. 

Fart  111  will  begin  by  showing  two  primary  winter  cyclone  patterns.  Then,  several  models  ui 
cyclone  development  will  be  discussed. 

SECTION  1:  Cloud  Patterns  Associated  with 
Mature  Winter  Storms: 


Major  cyclones,  especially  the  large  winter  storms  of  the  westerlies,  often  have  complex 
cloud  and  weather  patterns  associated  with  them.  Each  cyclone's  cloud  pattern  is  different  and 
each  storm  is  made  up  of  the  sum  of  its  parts.  Some  storms  begin  with  one  short  wave  dis¬ 
turbance  and  develop  into  a  large  mature  storm  pattern  before  any  additional  short  waves  enter 
the  circulation  pattern.  Most  mature  winter  storms,  however,  contain  one  or  more  short  wave 
disturbances  in  addition  to  the  primary  one  which  was  involved  in  the  initial  cyclogenesis.  In 
fact,  it  is  very  common  to  have  two  or  three  short  wave  disturbances  at  any  given  time  within 
the  circulation  system  of  a  large  winter  storm.  It  is  the  presence  of  these  smaller  scale  sys¬ 
tems  which  contribute  largely  to  the  variability  in  the  cloud  and  weather  patterns  of  the 
storms.  This  is  the  reason  for  the  earlier  statement  that  a  storm  is  made  up  of  the  sum  of  its 
parts. 

Major  Cloud  Systems: 

In  the  models  that  will  be  presented,  three  major  cloud  subsystems  are  observed  during  vari 
ous  phases  of  system  development.  These  systems  were  defined  and  shown  in  manv  illustrations  i 
Part  11.  Again,  the  cloud  systems  are: 

•  Baroclinic  Zone  Cirrus  (A) 

•  Vorticity  Comma  (B) 

•  Deformation  Zone  Cirrus  (C) 

Cloud  Structure  of  Mature  Storms  (Figures  311  and  312): 

The  cloud  structures  or  patterns  during  the  mature  stage  of  cyclones  differ  less  than  durin, 
their  developmental  phases.  Two  typical  cloud  patterns  observed  during  the  mature  stages  are 
identified  as:  Type  A  and  Type  B.  The  cloud  patterns  in  both  types  are  intended  to  represent 
storms  which  have  just  reached  their  lowest  central  pressure. 


•  Type  A  (Figure  311)  -  Type  A  sys¬ 
tems  initially  develop  within  the  lower 
levels  and  subsequently  appear  within 
the  mid  and  upper  tropospheric  level  as 
the  cyclone  matures.  With  the  Type  A 
systems,  there  is  a  large  expanse  of 
baroclinic  zone  cirrus  just  east  of  the 
comma  surge  region  (area  A  in  Figure 
311).  This  cirrus  shield  often  masks 
part  of  the  comma  surge  region  and  comma 
tail  which  only  reach  up  to  mid-levels 
(area  B) .  There  is  only  a  small  amount 
of  deformation  cirrus  near  the  comma 
head  (area  C) .  There  is  a  distinct 
separation  between  the  baroclinic  zone 
cirrostratus  and  deformation  cirrus 
layers.  A  Type  A  system  has  a  well 
defined  jet  axis  and  lies  close  to  the 
edge  of  Che  baroclinic  zone  cirrus  deck 
as  shown  in  Figure  311  (see  Figure  148, 
page  37). 

The  cold  and  occluded  fronts  are 
usually  easy  to  locate  in  Type  A  systems 
as  illustrated  in  Figure  311.  Warm 
fronts  locations  are  difficult  to  find, 
especially  if  the  cirrus  shield  is  too 
thick  to  see  through.  This  is  true  in 
both  Type  A  and  Type  B  (Figure  312)  sys¬ 
tems.  If  the  clouds  are  Coo  thick  to 
see  through,  a  first  guess  at  the  warm 
frontal  location  is  that  it  would  be 
below  the  widest  point  on  the  baroclinic 
cirrus  shield. 
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Figure  311:  Type  A  Mature  Storm 


•  Type  B  (Figure  312)  -  Type  B  systems  initially  develop  within  the  mid  levels  and 
builds  both  upward  and  downward.  The  Type  B  system's  baroclinic  zone  cirrus  (area  A  in  Figure 
312)  merges  with  the  large  sheet  of  thick  deformation  cirrus  (C) .  The  baroclinic  cirrus  shield 
tends  to  move  faster  than  the  middle  level  comma  (B) ;  thus  the  comma  emerges  from  under  the  rear 
edge  of  cirrus  with  time  (see  Figure  146,  page  36).  There  will  be  a  four  to  six  hour  clearing 
of  mid  and  upper  clouds  between  the  baroclinic  zone  cirrus  shield  and  the  vorticity  comma.  Units 
located  within  this  gap  or  slot  in  the  higher  clouds  (low  clouds  may  cover  the  gap)  should  look 
for  a  return  of  precipitation  and  embedded  convection  as  the  vorticity  comma  approaches.  The 
jet  stream  in  a  Type  B  system  is  often  ill-defined  due  to  its  spreading  out  under  the  baroclinic 
cirrus  shield.  This  spreading  of  the  jet  stream  is  noted  by  the  three  larger  arrows  near  B  in 
Figure  312.  The  baroclinic  leaf  usually  evolves  into  the  stronger  Type  B  systems. 

Type  B's  are  usually  deep,  we  1 1 -developed  systems  with  all  types  of  severe  weather  under  the 
comma  in  its  mature  stage.  During  fall  and  winter,  the  convection  within  the  comma  can  cause 
heavy  precipitation;  during  spring,  severe  thunderstorms  may  occur.  tven  more  convective  pre¬ 
cipitation  may  break  out  along  the  cold  front.  Both  Type  A  and  Type  B  will  produce  heavy  snows, 
however,  Type  B  systems  produce  the  heaviest  blizzards.  Type  B  systems  have  the  potential  to  be 
a  stronger,  better  developed  system  than  the  Type  A  system.  A  Type  A  system  may  evolve  into  a 
Type  B  system  once  its  vertical  support  reaches  mid  levels. 

Fronts  on  the  Type  B  system  are  usually  complex,  and  large  areas  of  cirrus  make  it  more 
difficult  to  locate  frontal  systems.  The  baroclinic  zone  cirrus  shield  and  vorticity  comma  and 
their  associated  clouds  and  precipitation  may  outrun  the  surface  cold  frontal  system  as  depicted 
in  Figure  312. 


Models  of  Cyclogenesis; 

The  models  of  cyclogenesis  which  will  be  presented  in  Section  Four  are  systems  whose  cloud 
patterns  evolve  to  one  of  the  two  mature  stages  illustrated  in  Figures  311  and  312.  Many  more 
systems  begin  to  develop,  but  they  do  not  make  it  to  the  mature  stage.  As  an  example,  many 
short  wave  systems  develop  and  intensify  within  a  zonal  flow  pattern.  They  continue  to  maintain 
their  short  wave  structure  as  they  track  across  the  U.S. 

Three  primary  models  of  cyclogenesis,  meridional,  split  flow  and  cold  air  regime,  wilL  be 
presented  respectively  in  Sections  Two  through  Four;  Section  Four  will  contain  two  types  of  cold 
air  eye logenes is :  cold  air  vortex  and  induced  wave  type. 


SECTION  2:  Meridional  Trough  Cyclogenesis 


Meridional  trough  cyclogenesis  is  most  prevalent  along  the  east  coast  ui  North  America  and 
over  the  adjacent  western  Atlantic*  This  type  occurs  also  over  parts  of  the  U.S.  and  over  the 
oceans  as  well.  The  sequence  of  cloud  development  in  meridionaL  trough  cyclogenesis  is: 

•  Baroclinic  /one  Cirrus  (A) 

•  Vort  ici:v  Cloud  (B) 

•  Do  fur*:,  c  r.  •  i  rrus  (C) 


Upper  Air  Flow  Hat  terns  (Figure  U  i) : 


The  upper  air  support  for  the  initial  stage  of  this  type  of  cyclogenesis  is  a  trough 
that  has  a  large  meridional  extent.  Two  examples  are  shown  in  Figures  313a  and  313b.  In  Figure 
31iat  the  trough  axis  is  aligned  north-south,  whereas  in  Figure  313b,  the  axis  is  oriented 
northeast-southwest  (nsitive  tilt).  The  jet  axis  is  located  around  the  trough  -  without  any 
significant  jet  branches  extending  either  across  the  trough  or  outward  into  the  adjacent  ridges. 
Short  wave  d  is  ■_  urbances  including  the  one  initiating  the  cyclogenesis,  move  around  the  major 
trough  within  or  under  the  jet  baroclinic  zone.  These  disturbances  or  impulses  are  difficult 
to  locaTe  i n  the  curvature  of  the  contour  and  thermal  fields  of  the  large-scale  trough;  they 
usually  show  be^t  as  maxima  or  perturbations  in  the  ^(JUmb  vorticity  field,  or  as  speed  maxima 
moving  within  the  jet  gone. 


Note:  In  Figures  313a  and  313b,  and  in  all  subsequent  upper  flow  pattern  illustrations,  the 

jet  stream  directly  associated  with  cycLogenesis  is  shown  as  cross -hatched .  The  main  (older) 
jet  is  indicated  by  the  solid  arrows. 


Early  Stage  -  Phase  1  (Figure  314): 

The  cloud  pattern  at  the  beginning 
of  the  cyclogenet ic  process  shows  a 
large  band  of  baroclinic  zone  cirrus  to 
the  south  of  a  relatively  strong  jet 
stream  (area  A  in  Figure  314),  Below 
the  baroclinic  zone,  there  is  a  rela¬ 
tively  stationary  or  very  slow  moving 
cold  frontaL  system.  All  along  this 
front  there  are  small  ill-defined  low 
pressure  waves  as  shown  in  Figure  314. 

Each  wave  has  its  own  small  comma  cloud 
and  precipitation;  the  small  commas  are 
generally  hidden  below  the  large  area 
of  baroclinic  zone  cirrus  and  cirro- 
stratus.  When  rreridional  trough  cyclo¬ 
genesis  does  begin,  it  will  be  in 
response  to  one  of  the  small  or  short 
wave  scale  vorticity  maxima  as  they  come 
around  to  the  front  side  of  the  main 
trough.  The  problem  is:  which  one, 
and  can  it  be  seen  coming  either  in  the 
satellite  or  other  conventional  data. 

Usually  they  move  rapidly  down  the  back¬ 
side  of  the  major  trough  and  are  often 
difficult  to  pinpoint  within  the  upper 
air  network.  Additionally,  there  are 
few  clouds  associated  with  the  minor  disturbance  when  it  is  moving  southward  behind  the  trough. 
(Sometimes,  an  area  of  thin  cirrus  streaks  on  the  backside  of  the  trough  may  be  seen;  this  in¬ 
dicates  the  position  of  the  major  short  wave.)  The  clouds  form  when  the  disturbance  reaches 
the  east  side  of  the  major  trough  (recurvature),  and  then  it  is  likely  under  the  baroclinic  zone 
cirrostratus  layer.  The  only  real  key  to  catching  the  development  is  to  wait  until  it  begins 
and  catch  it  immediately.  The  first  real  hint  of  development  is  a  significant  waving  of  the 
back  edge  of  the  cirrus  shield  -  this  is  Phase  2. 
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Pbjse  2  (Figure  315): 

In  the  second  phase,  the  cirrus 
edge  has  formed  a  wave  pattern  which 
is  also  matched  hy  the  jet  axis  and 
streamlines  (Figure  315).  This  waving 
of  clouds  and  the  flow  indicates  that 
a  short  wave  trough  either  has  formed 
or  has  bottomed  out  within  the  major 
trough.  In  Figure  315,  the  dashed 
line  is  a  comma -shaped  area  (B) ,  it 
would  not  be  visible  on  satellite  data, 
since  it  is  under  the  baroclinic  cirro- 
stratus  deck  (A).  It  corresponds  to 
the  location  of  the  vorticity  comma 
which  has  now  formed  in  the  process  of 
cyclogenesis.  The  short  wave's  influ¬ 
ence  within  the  base  of  the  major 
trough  has  caused  the  trough  axis  Co 
become  negatively-tilted.  Aside  from 
any  thunderstorm  development,  area  B 
is  likelv  to  be  the  area  of  heaviest 
precipitation.  At  this  st  n\'f  the 
frontal  system  shows  strong  waving; 
the  associated  frontal  low  begins  to 
deepen . 

Phase  3  (Figure  31b): 


F igur e  315: 


In  the  third  phase  of  development,  the 
system  begins  to  "wrap  up"  and  form  a 
closed  circulation  center  into  the  middle 
troposphere.  The  lower  level  comma  head 
begins  to  emerge  from  under  the  cirrus  deck 
(area  B  in  Figure  316).  The  comma  head, 
although  emerging,  is  not  likely  moving 
westward  (or  rearward)  with  respect  to  the 
ground;  rather  the  cirrus  edge  is  moving 
faster.  The  short  wave  trough  has  lifted 
so  much  and  has  increased  in  size;  the 
entire  base  of  the  major  trough  now  has  a 
negat ive  tilt.  By  this  time,  the  system  is 
closed  up  to  700mb  but  not  up  to  5U0mb. 

The  short  wave  ridge  has  increased  its 
ampl i t  ude . 

The  surface  cold  front  is  under  the 
cirrus  near  the  back  edge  of  the  comma 
pattern,  and  the  surface  low  is  now  nearer 
to  the  back  edge  of  the  cirrus  deck  (the 
low  was  near  the  eastern  edge  at  the 
initial  phase).  The  storm  is  developing 
very  rapidly  at  this  time. 

Significant  prec i p i tat  ion  will  be 
falling  throughout  the  comma  head.  Al¬ 
though  the  cloud  tops  in  the  comma  head  are 
normally  middle  level,  they  do  often  reach 
cirrus  levels  but  lower  than  the  cirrus 
deck  to  the  right  of  the  jet  axis. 

Phase  U  -  Mature  Stage  (Figure  317): 

In  the  final  phase  of  development,  the 
closed  circulation  has  deepened  even  more; 
an  area  of  deformation  cirrus  (area  C)  has 
formed,  and  the  overall  pattern  fits  the 
Type  A  cyclone  shown  earlier  in  Figure  311. 
The  dry  slot  has  wrapped  itself  into  the 
comma  head.  The  jet  in  this  type  of  cyclo¬ 
genesis  is  still  relatively  strong  while 
crossing  the  comma.  The  jet  and  its  baro¬ 
clinic  zone  cirrus  shield  will  be  well  to 
the  east  and  separated  from  the  deformation 
cirrus.  By  this  time,  the  low  should  be 
closed  up  to  at  least  500mb .  There  is  a 
trend  for  the  surface  and  upper  centers  to 
rotate  cyclonically  with  respect  to  each 
other,  getting  closer  together,  until  the 
systems  are  vertically  stacked. 

The  surface  low  is  well  west  of  the 
cirrostratus  deck  and  north  of  the  mid  and 
upper  level  low  centers.  Remember ,  this  is 
a  Type  A  system ,  and  as  such,  it  will  fill 
as  it  was  built  -  from  the  bottom. 


Second  Phase  in  Meridional  Trough  Cyclogenesis 


BO 


SECTION  3:  Split  Flow  Cyc 1  ozones  i  s 


Split  flow  cyc  logeues  i  s  is  the  most  prevalent  iorui  t/t  e  v*.  1  > -genes  i  s  ovlt  the*  central  l  . 
just  east  of  the  Rocky  Mountains.  The  split  flow  pattern  is  rw.fst  **tten  in.iiK  nj  l»y  a  :;.ajwr 
mountain  chain.  Split  flow  patterns  occur  frequently,  suon  as  on  trie  west  side  ;> i  the  common 
blocking  patterns,  but  the  development  of  cyclogenes  is  also  requires  a  jet  moving  into  the 
southern  branch.  Thus,  split  flow  cyc logenes i s  is  much  less  common  than  split  ilow.  bpiil 
flow  cycLogenosis  develops  in  the  mid  levels,  and  as  such,  it  uevelops  directly  into  a  Type  h 
cloud  svsten  (see  Figure  112).  The  sequence  of  cloud  development  in  split  flow  eye  logene.s  i  .*»  is: 

•  deformation  ;'one  Girrus  (C) 

•  Vnrt  icitv  Comma  (H) 

•  Baroclinie  /one  Cirrus  (A) 

Upper  Air  Flow  Patterns  (Figure  118): 

The  upper  level  flow  splits  or  is  di fluent.  Often  there  are  two  branches  ot  the  westerlies 
forming,  with  the  northern  one  being  ine  older  one.  The  new  branch  then  l  orms  lurtner  south  wan 
and  may  induce  eve  logenes  is  as  shown  in  Figure  il5a.  or,  there  may  be  two  branches  throughout 
the  period,  with  the  .rain  energy  transferring  to  the  southern  branch  during  cyc  1  uger.es  i  s  wigun 
318b).  In  either  case,  the  development  occurs  south  ot  and  on  the  war::;  air  si  do  oi  tne  uidor 
northern  jet  baroclinic  zone. 


Phase  )  (Figure  319): 

In  the  beginning  of  split  flow  cvclogenesis,  the  jet 
stream  enters  the  southern  trough  region  on  the  western 
side  of  the  troughline  (Figure  319).  Generally,  a  closed 
circulation  center  in  the  middle  troposphere  (5t)0mb)  appears 
early  in  the  development.  If  the  southern  short  wave  is 
already  closed  as  shown  in  Figure  319,  then  it  will  dig  and 
deepen  as  the  jet  approaches  the  troughline.  The  early 
development  of  this  mid-level  low  is  probably  the  most 
important  single  factor  that  influences  the  evolution 
of  cloud  and  weather  patterns. 

The  cloud  pattern  usually  begins  with  an  area  of 
cirrus  (and  perhaps  middle  clouds)  and  is  indicated  as 
area  C  in  Figure  319.  This  is  deformation  zone  cirrus. 
Deformation  zone  cirrus  exists  where  there  is  convergence 
on  the  east  side  of  the  out-of-phase  troughline.  The 
cirrus  lies  generally  north  and  northwest  of  where  the 
cyclogenesis  is  about  to  take  place  (if  it  hasn't  already 
occurred).  Deformation  cirrus  develops  within  a  region  of 
weak  upper  level  winds  located  south  of  the  northern 
branch  of  the  polar  jet  and  northwest  of  the  developing 
mid-level  low. 


Note:  In  Phase  1  and  the  subsequent  three  phases  of  cloud  evolution,  the  cloud  svstoms 

identified  are  at  the  mid  and  high  tropospheric  levels.  Great  Plains  i nr er asters  must  consider 
the  advection  (often  rapid  advection)  of  lower  level  Gulf  moisture  into  these  split  t low  pat  - 
terns  approaching  the  Rocky  Mountains.  With  the  introduction  of  Gulf  moisture,  the  cluuo  evotu 
tion  of  the  system  may  change  dramatically  within  a  very  short  Lime. 


Phase  *  U  i^ire  >  J i J )  : 

In  r  ho  second  phase  ot  e vc  1  ueenes  i s  ,  the  most 
important  change  in  t  ho  cloud  pattern  lias  boon  th 
iio  vo  1  opment  of  the  vortieitv  comma  ;i.it  tern  wh  i  -h 
has  formed  very  rapi.ilv  to  the  southeast  nf  thu 
closed  low  (are. i  H  in  Fieure  120)  .  The  cloud  tvpo 
in  this  early  comma  is  highlv  dependent  upon  t  hu 
time  of  day  and  the  season  ot  t  ih  veir.  In  the 
springtime,  this  oo-ima  is  highlv  convective  durin 
the  lay.  hut  still  primarily  of  middle  cloud  hole 
tops.  Do  forma t  i on  /one  cirrus  continues  to  incre 
as  the  col  area  develops. 


Phase  i  (li  curt 


Kv  phase  throe,  the  cloud  patterns  have  become 
bigger  an  1  better  defined.  l'he  comma  pattern  is 
topped  by  cirroform  clouds.  Over  the  comma  tail 
portion,  t no  cirrus  will  appear  thicker  and  stri¬ 
ated,  as  the  iet  baroclini.:  /one  develops  aloft 
over  that,  area  <tiiis  is  the  third  cloud  system: 
this  area  .s  noted  by  the  large  arrow  in  Figure 
^Jl).  At  this  stace  of  development,  t -u  1  f  moisture 
h  is  spread  into  the  s vs  tern  and  is  being  lilted 
rapidly  into  the  :r.  i  idle  levels.  As  a  result  of 
this  lift  in*’,  a  largo  area  of  PVA  (and  precipi- 
tation'i  dove  Ions  ahead  of  the  disturbance  across 
the  hr eat  f  La  i  ns  . 

The  jet  stream  has  advanced  south  of  the  closet! 
center  and  the  iet  *\  ixixa  swines  east  ot  the  trough- 
line:  these  act  ions  causes  cont  inued  trough  deepen¬ 
ing,  anti  most  important,  probable  system,  recurvature 
towards  the  northeast  (hot  t  omed  out). 

No  surface  low  or  surface  fronts  have  been 
included  in  Figures  <  i  through  id  I  .  The  reason 
for  this  omission  is  the  large  variability  involve: 
in  the  relation  between  these  suriace  features  an  i 
the  cloud  patterns  for  this  t  y  p  '  of  cvc  logenes  is .. 
There  is  a  good  relationship  between  the  cloud 
patterns  anil  the  weather  (prec  ip  i  tat  ion)  ,  hut  i 
much  poorer  rel.it  ionship  between  the  cloud  patterns 
and  the  surface  pressure  and  t emperat ure  fields.  A 
gener a  1 i zed  rule  for  plaeinc  the  surface  low  center 
would  be  the  following:  the  surface  low  will  usu¬ 
ally  appear  at  a  local  ion  somewhere  near  the  rear 
edge  of  the  comma  head  shown  in  figures  led  anti 
id  1  ,  and  on  the  cyclonic  s  i  ie  ot  where  the  jut  is 
shown  crossing  the  comma’s  rear  edge. 


Phase  2  (Figure  <22): 

In  phase  four  the  jet  wind  maxima  spreads  out 
behind  the  baroclinic  cirrus  edge  which  produces 
light  winds  in  the  cloud  shield  itself.  The  entire 
system  is  evolving  into  a  Type  H  mature  storm 
pattern  (see  Figure  3 Id).  The  short  wave  trough 
his  become  in  phase  with  the  northern  short  wave 
and  may  become  negative  tilted.  (Negative-tilted 
troughs  are  often  very  dynamic  and  produce  the  most 
severe  weather  conditions.) 

By  this  phase,  the  area  of  thick  cirrus  has 
greatly  increased.  Cirrus  has  formed  over  the 
vorticity  comma  and  has  merged  with  the  northern, 
older  area  of  cirrus  (shown  in  Figures  319  through 
321).  By  this  time,  it  is  often  difficult  to 
distinguish  between  the  cirrus  deck  associated  with 
the  jet  baroclinic  zone  (area  A  is  Figu  '  122)  and 
the  deformation  zone  cirrus  (C)  to  the  north  and 
rear  of  the  closed  low  aloft. 

Usually  the  cirrus  deck  I  hat  develops  over  the 
comma  pattern  is  not  c<>nt  inuous  with  the  lower 
middle  layers.  (juite  often,  then,  the  r  »’<*p  edge  of 
the  cirrus  deck  moves  faster  than  the  middle  (or 
lower)  deck  which  emerges  at  the  rear.  If  the 
cirrus  continues  to  outrun  the  comma  cloud  then  a 
gap  (possible  clearing)  between  these  two  systems 
evolves  and  eventually  becomes  similar  l<»  the  Type 
B  storm  pattern  shown  in  figure  <12. 


Figurt  i2o: 
Second  Phase 
S p  lit  Fit >w  bye  1  o g o no s 


Figure  <21: 
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M.mv  major  sinujstnpns  and  severe  we  it  her  •  ue  ur  r  en  .-s  .1  toss  the  1  .  kv  Mmini  .iins  and  nreat 
t'lains  are  a  s  soe  i  .it  ed  w  i  l  h  split  ll«>w  v  •  .  •  »,*enes  1  ^  event  s  i.vi-r  trie  suut  fiwt-st  «T'ti 
Forecast  t»rs  r:.i  v  1  ind  it  >ntti  ull  at  t  n-es  t*<  identity  let  *  .r ::  at  i * m  /urn.-  and  vorl  trif  y  e  <  a 
'  loud  svsteir.s  whi/h  an*  issor  i  it  ed  with  these  •  1 » *  v .  *  *  •  >  |  in/  up;. or  l«»w>  over  l  tu*  wt-stern  t.  .v^e- 

t  i<’ies  mountain  influences  tend  t«>  drv  <»  it  ace.  an  v ;  re  !',kt  I  1.  •suislun-  which  will  produce  ill- 

detinod  dot'onr.at  ion  /one  and  vorticitv  c.^va  .-!<upt  s  vs  t  er.s  .  Ihe  cloud  svstess  become  bettor 
defined  when  t  ho  cyclone  moves  out  of  *  no  .s.ioics  ino  iretjuenliv  encounl  or  s  null  roisture  .nlvi-:- 
t  ion.  l  ot  's  look  at  a  case  st  u*iv: 

Split  I  law  i'  vo  1 ozones  i  s  -  A  *'aso  Study  ■  I  1  cures  .  >.  inrou/h  -  )  : 

Kicures  ij  >  a  nd  .  respect  i  ve  1  v  « 1  •  * ;  n '  t  t  no  ,j;  1  smlace  analyses  approx  i  r...it  e  i  v  /  ■* 

hours  prior  to  nroat  hi  iins  stor::  ieveloprent. 

In  Ficcure  iJi,  a  low  system  is  shown  over  nor  (  fi  we>  t  e  r  t;  So*  Mexico.  At  tne  *  uri.ion  .»  Co.  1 
•rontal  system  is  heeom.in/  st.it  imurv  across  the  western  0re.1t  r  1j  i  ns . 


Figure  Mb:  1  !)OUZ  28  March  1981 


Figure  32 h :  \ b  }0Z 
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one  hour  and  thirlv  minutes  later,  the  reiited  v  i  >  : :  ie  ,t  t„r".  fic.jn-  •  ,  r«.-  *. 

ie format  ion  .''ino  («*>  .mi  v>r*i  if  v  comm.  j  .  1-iui  'hi  >vste*:.s.  At.otnet  .  l-.ua  svste  ,  v.’»  ;  :  .  ■*.. 

appears  across  t  ht*  ureat  I'l.tin*.  m  the  vim!1v  phi-*,.  .  tiinti.-  *>.  i  I>  :  f:..~  . 

svslen:  is  null  moisture  udvecti  >n,  and  it  has  ;  r.  its  i„*;  1  .«.-r  a-vr.  ;.at  >  . 

cloud  svstem.  The  moisture  tom*..e  *  i  l  i  out  mu**,  an:  *i!r.  m.rej.i-:  i  V.«  as:.  .  st  e  :  *  .  *  r  '  » 

approaching  upper  system,  precipitat  ion  wiii  nrea*.  ou'  -vet  i  tie  -  reat  Tiait.s. 

The  area  noted  at  U  in  tigure  ten  ':.arks  the  western  «**r  r*.-r:.  i  ?  v  •.!  l-ul:  ;.u  i  ti-rn  i:  ..tte*. 
becomes  the  developing  cyclone's  dry  slot  as  drier,  southwest  »in>ls  move  r.or :  t.easl  *.it  :  i:.'-  >  tn.* 
system. 


Three  hours  later,  Figure  H j ‘ ,  the  visib 
low  moves  toward  eastern  Colorado.  The  v<>rt 
eastern  lo lor ado  (B);  the  comma  t  ill  extends 
slot  is  indicated  by  the  Iona  white  arrow. 


t*  photo  reveals  svstem.  organization  as  the  c;  per 
city  comma  cloud’s  nend  l ies  over  central  an; 
southeastward  into  western  Kansas.  The  growing  ary 


Several  hours  later.  Figure  TJs,  the  visible  photo  shows  strong  cloud  circulation  within  the 
storm  as  it  emerges  from  the  central  Rockies.  The  small  arrows  denote  several  small  enhanced 
cumulus  comma  cloud  systems  rotating  through  the  large  scale  system  within  the  dry  slot.  Oust 
can  be  seen  as  the  faint  gray  swath  across  west  Texas. 
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In  the  beginning  ot  development,  the  dominant  > 
cloud  system  located  on  the  anticyclone  side  of  a  i 
the  form  of  .1  Ion,;  hand  of  high  and  middle  clouds 
southwest -nor thoast  oriented  trough,  or  with  a  wes 
/one  tuv  still  have  some  resemblance  of  an  old,  de< 
development  in  cold  air  vortex  cvclogenesis  is: 

•  Vor  t  ic  i  t  y  t'omm 

•  Kamel  in  ic  /om 

•  Deformation  An 


Phase  1  (Figure  330): 


In  the  beginning  of  deve lopment ,  a  "new" 
short  wave  and  jet  stream  has  entered  the 
major  trough  circulation  as  noted  by  T  in 
Figure  1 10 .  In  Figure  130,  the  new  jet  axis 
is  beginning  to  bend  around  the  trough  axis 
instead  of  joining  with  the  older  baroelinic 
jet  svstem  on  the  front  side  of  the  trough. 
The  strongest  winds  are  still  upstream  and 
are  moving  over  the  ridge.  When  the  new  jet 
begins  to  curve  around  and  becomes  parallel 
to  the  old  jet  (with  a  zone  of  weaker  wlncfsT 
between  the  two  axes),  it  is  an  indicator 
that  cold  vortex  cyclogenesis  is  likely  to 
develop.  (Note:  If  the  new  and  old  jet 
streams  merge,  then  induced  wave  cyclogenesis 
is  likely  to  develop). 

When  a  short  wave  disturbance  that  will 
initiate  cyclogenesis  is  approaching  the 
major  trough  axis,  it  will  usually  be 
evident  in  IK  data  as  a  pattern  of  middle 
clouds.  Often  these  middle  clouds  will 
have  a  distinct  well-defined  northern  edge 
which  will  be  just  to  the  right  of  the  axis 
of  maximum  winds  at  cloud  top  level  as  shown 
in  Figure  V10. 

In  Figure  3.10,  a  single  short  wave  is 
indicated.  This,  however,  is  not  always  the 
case  -  there  may  be  several  smaller  short 
waves  with  less  defined  cloud  systems  moving 
down  the  back  side  of  the  major  trough.  As 
these  cloud  systems  arrive  on  the  east  side 
of  the  trough  axis,  each  seems  to  add  more 
energy  to  the  development,  until  finally,  a 
well-defined  comma  pattern  begins  to  form. 


Phase  2  (Figure  331): 

In  the  second  phase  the  short  wave 
middle  cloud  pattern  has  just  arrived  on  the 
east  side  of  the  major  trough  axis  (the  axis 
becomes  sharper  and  better  defined  as 
increased  curvature  forms  there). 


Figure  330: 


First  Phase  in  Cold  Air  Vortex  Cyclogenesis 


The  short  wave  pattern  begins  to  form 
the  vorticity  comma  shape  (B  in  Figure  331) 
with  convection  increasing  over  the  comma 
and  resulting  in  higher  cloud  tops  (and 
heavier  precipitation).  A  single  surface 
low  may  not  have  organized  yet;  several  lows 
may  be  evident  within  the  surface  trough 
north  of  the  jet  stream. 


Figure  331: 

Second  Phase  in  Cold  Air  Vortex  Cyclogenesis 


Phase  3  (Figure  332): 

The  new  storm  has  begun  to  form  the 
comma  pattern.  Considerable  cirrus  and 
cirrostratus  h38  formed  along  the  newer  jet 
axis  on  the  east  side  of  the  major  trough 
(smaller  A  in  Figure  332),  however,  the 
older  jet  axis  and  its  cirrus  deck  remains 
further  to  the  east.  As  the  new  storm 
intensifies  and  sharpens  the  amplitude  of 
the  upper  level  trough,  the  edge  of  the 
older  cirrus  deck  will  tend  to  become 
generally  parallel  to  the  new  cirrus  - 
especially  along  the  cyclonically  curved 
portion.  There  may  still  be  smaller  scale 
waves  along  the  older  cirrus  edge,  which 
are  out  of  phase  with  the  new  system. 


Figure  332: 

Third  Phase  in  Cold  Air  Vortex  Cyclogenesis 
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Phase  4  (figure  333): 

tn  the  final  phase  a  complete  new  storm 
cloud  pattern  has  formed  behind  (or  on  the 
cold  side)  of  the  old  baroclinie  zone. 
Usually,  as  the  new  system  develops,  the 
older  jet  baroclinie  zone  and  its  cloud 
system  weakens  primarily  due  to  its  cold  air 
supply  being  cut  off,  and  the  development  of 
warm  moist  air  aloft  in  advance  of  the  new 
system . 

If  the  new  cyclone  continues  to  develop 
beyond  this  stage,  it  is  likely  that  the  new 
frontal  zone  will  catch  up  to  the  old  one  in 
the  south  quadrant  of  the  low.  Eventually, 
the  two  frontal  zones  will  merge  into  one. 

The  old  baroclinie  zone  jet  stream 
(eastern  jet)  will  often  weaxen  while  the 
newer  jet  zone  becomes  dominant .  These  sys¬ 
tems  often  develop  into  very  intense  Type  B 
systems  as  illustrated  earlier  in  Figure  31Z. 


Induced  Wave  Cyclogenesis  (Figures  334  through  337) 

Induced  wave  cyclogenesis  occurs  when  a  short  wave  disturbance  moves  within  the  cold  air 
across  the  major  trough  and  merges  with  the  older  baroclinie  zone  located  on  the  east  side  of 
the  major  trough.  As  the  middle  cloud  comma  cloud  pattern  forms  and  approaches  the  older 
baroclinie  zone,  it  will  appear  to  induce  a  wave  on  it. 

Of  all  the  types  of  cyclogenesis  presented,  this  last  type  is  the  most  frequent  form  of 
development,  and  it  has  the  least  geographical  preference.  The  sequence  of  development  of  the 
major  cloud  systems  in  an  induced  wave  pattern  are: 

•  Vorticity  Comma  (B) 

•  Wave  on  Baroclinie  Zone  (A) 

•  Deformation  Zone  Cirrus  (C) 


Phase  I  (Figure  ii*): 

At  this  early  stage,  the  pattern  will  be  very 
similar  to  that  of  the  cold  air  vortex  development. 

The  older  jet  zone  cirrus  (large  A  in  Figure  334)  is 
likely  to  be  closer  to  the  major  trough  axis  - 
especially  at  the  point  where  the  new  speed  maximum 
and  short  wave  is  approaching  the  older  zone  as  noted 
at  R  in  Figure  334.  The  leading  portion  of  the  jet 
maximum  coming  over  the  ridge  may  appear  to  merge  with 
the  older  jet  axis,  such  that  no  double  jet  structure 
can  be  seen  east  of  the  trough  axis. 

In  some  cases,  the  leading  part  of  the  new  jet 
will  ’’turn  the  corner "  and  move  up  the  east  side  of 
the  major  trough  with  two  parallel  jet  axes  present. 
When  this  kind  of  jet  structure  evolves,  it  is  common 
to  have  a  series  of  smaller  scale  disturbances  moving 
along  both  jet  zones.  One  series  showing  as  middle 
clouds  wilL  move  down  the  newer  jet  branch,  and  the 
other  showing  as  perturbat ions  in  the  older  jet  cirrus 
deck  will  be  riving  from  the  southwest.  As  the  two 
streams  merge  closer  together,  the  small  scale  dis¬ 
turbance  of  the  two  streams  will  usually  be  out  of 
phase;  if  they  are,  development  is  deterred.  When 
a  pair  of  systems  arrives  in  phase,  development 
beg  ins . 


At  other  times,  as  in  the  case  depicted  in  Figure 
334,  a  single  larger  scale  disturbance  approaches  the 
older  baroclinie  zone. 
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Phase  2  (Figure  335): 

As  the  disturbance  and  the  leading  portion  of  the 
strong  winds  arrive  at  the  major  trough  axis,  a  comma- 
shaped  middle  cloud  pattern  develops  (B  in  Figure  3 4 ^ ) , 
often  with  convect ion  and  prec ipitat ion  forming  rapidly. 
Some  higher  cloud  tops  will  likely  form  over  the  comma 
and  develop  a  plume  where  the  axis  of  maximum  winds 
crosses  the  comma  surge  region. 

The  rear  edge  of  the  older  barociinic  zone  cirrus 
layer  immediately  begins  to  deform  to  the  pattern  of  the 
developing  comma. 


/Figure  335: 

Second  Phase 

in  Induced  Wave  Type  Cyc  logenes  i  s 


Phase  3  (Figure  33b): 

By  this  time,  the  comma  (B)  has  become  better  de¬ 
fined  and  grown  larger,  and  the  jet  streams  have  merged 
into  a  single  upper  level  barociinic  zone.  The  region 
of  strong  winds  is  likely  to  be  wider  in  this  area,  but 
no  jet  structure  can  usually  be  found  -  either  in  the 
upper  air  network  or  in  evidence  of  the  cirrus. 


Phase  U  (Figure  337): 

In  the  previous  phase,  the  comma  tail  was  parallel 
to  the  western  edge  of  the  cirrus  deck,  but  by  the 
fourth  phase.  Figure  337,  the  comma  has  now  rotated  and 
the  tail  has  moved  under  the  cirrus  deck.  More  cirrus 
has  formed  over  the  comma  head  -  especially  at  the 
deformation  region  (C) ,  and  now  a  mature  storm  pattern 
has  formed. 

The  clouds  over  the  comma  head  near  where  the  jet 
axis  and  cirrus  edge  crosses  are  likely  to  be  lower  than 
on  the  rest  of  the  comma  head. 

In  Figure  337,  the  comma  tail  is  shown  swinging 
around  under  the  barociinic  zone  cirrus  with  only  the 
comma  head  showing.  This  action  would  be  most  likely 
when  the  storm  system  continues  to  develop  to  maturity; 
but,  with  many  developments  which  do  not  go  full  cycle 
(and  most  don't),  the  comma  tail  may  remain  nearly 
parallel  to  the  cirrus  edge  (out  in  the  open  west  of  the 
cirrus  edge).  In  many  cases,  a  well-defined  comma  pat¬ 
tern  does  not  form,  however,  a  region  of  irregular- 
shaped  middle  clouds  shows  at  the  position  where  the 
cotrana  head  appears  in  Figures  335  through  337. 
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'  1 igure  33b : 

Third  Phase 

in  Induced  Wave  Type  Cyclogenesis 


Figure  337: 

Fourth  Phase 

in  Induced  Wave  Type  Cyclogenesis 
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Sever,  tl  hours  later.  Mature  l-*J. ,  nearly  halt  of  the  comma  system  (H)  has  moved  under  the 
cirrus  deck.  finally,  in  figure  14  1,  only  the  western  end  ol  the  comma  system  (b)  is  visible  in 
the  photo.  This  system  continued  to  develop,  moved  noithward,  and  became  a  mature  storm  system 
over  eastern  Panada  within  J4  hours. 


It  has  been  shown  in  both  types  of  cold  air  regime  cyclogenesis  that  the  comma  cloud  associ¬ 
ated  with  the  short  wave  disturbance  crossing  the  cold  air,  is  primarily  a  niddle  level  cloud 
system.  Often,  over  the  oceans,  and  especially  with  induced  wave  cyclogenesis,  the  "new"  short 
wave  will  appear  as  an  area  of  deeper  convection  embedded  within  the  general  cold  advection 
cumuljs  field  (enhanced  cumulus).  These  enhanced  cumulus  areas  reflect  a  PVA  area  and  often 
initiate  cyclogenesis  along  the  haroclinic  zone.  An  example  was  shown  earlier  in  Figure  ^w3, 
page  60. 
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SECTION  Miscellaneous 


In  this  section  several  more  eyclogenesis  events  which  occur  over  the  central  and  eastern 
U.S.  will  be  shown.  The  basic  cloud  systems  that  were  discussed  in  previous  sections  will 
probably  be  recogn i zable ,  however,  each  system’s  structure  and  development  is  different. 

Case  Study  1  -  Cyclogenesis  along  the  East  Coast: 

Forecasters  located  over  the  eastern  U.S.  should  pay  particular  attention  to  the  actions  ot 
decaying,  ver t i cal l y-deep  low  systems  which  "hang  up"  over  the  Creat  Lakes  area.  Often,  new 
frontal  cyclogenesis  occurs  along  the  eastern  seaboard  or  offshore  (generally  triple  point 
development)  as  the  old  low  system  dies.  An  apparent  transfer  of  energy  evolves  to  the  new 
system  where  the  baroclinic  zone  strengthens  due  to  stronger  temperature,  moisture  and  wmo 
d  iscont inu i t ies .  These  new  disturbances  can  mature  quickly  into  major  cyclones  -  nor'easter 
events  are  not  unusual  with  this  pattern. 

The  500mb  and  surface  analyses  are  respectively  shown  in  Figures  344  and  34*)  several  hours 
prior  to  the  satellite  photos.  In  Figure  344,  a  closed  low  appears  over  the  Creat  Lakes  area; 
the  strongest  wind  field  reflecting  the  polar  jet  stream  lies  well  to  the  south  of  the  low  sys¬ 
tem.  A  negat i ve-t i 1 t  t rough  extends  from  the  low  southeastward  to  Florida  -  often  this  type  of 
short  wave  trough  orientation  across  the  southeastern  U.S.  breeds  intense  cyclones.  The  related 
surface  analysis  shows  a  disorganized  low  pressure  pattern  across  the  eastern  U.S.  The  Illinois 
low  stacks  with  the  upper  low;  a  weak  frontal  low  appears  offshore.  Widespread  light  snowiall 
is  occurring  within  the  two  systems. 


In  the  related  visible,  Figure  347,  approximately  two  hours  later,  shadows  help  reveal  the 
baroclinic  zone  structure  (A)  and  the  highest  cloud  tops.  Heavier  prec ipitat ion  would  be  occur* 
ring  under  cloud  system  A;  prec i p i tat  ion  would  also  be  occurring  in  the  lower  cloud  systems  over 
the  Ohio  Valley  -  Great  Lakes  area,  but  intensities  would  be  lighter  than  in  cloud  system  A. 


It  is  emphasized  again  that  when  a  cloud  system  such  as  shown  at  A  in  Figures  34b  and  34/ 
appears  in  that  general  location,  an  intensified  MKTWATCH  must  be  initiated  lor  locat ions  from 
Virginia  northward  into  New  England.  Figure  346  depicts  the  surface  pattern  the  following 
morning.  Indeed,  an  intense  cyclone  did  develop;  fortunately,  for  East  Coast  forecasters,  this 
system  intensified  far  enough  offshore  to  keep  severe  winter  weather  .iway  from  the  mainland. 


Case  Study  2  -  Cyclogenesis  along  the  Gulf  Coast: 

During  the  cold  season,  large  areas  of  cloudiness, 
located  over  the  central  and  southern  U.S.,  may  persist 
for  several  days  or  more.  Generally,  an  extensive  zone 
of  stagnant  high  pressure  (polar  air)  lies  across  the 
central  and  northern  U.S.  and  Canada.  Consequently, 
storm  tracks  are  shifted  southward  across  the  southern 
U.S.,  Mexico  and  the  Gulf  of  Mexico.  Forecasters,  lo¬ 
cated  along  the  storm  track,  should  look  for  telltale 
signs  of  system  development  in  satellite  photos.  Several 
indications  have  been  discussed  in  this  TN  such  as  "V" 
notches  and  "S"  shape  cloud  systems  which  reflects  jet 
stream  maxima.  The  following  three  photos  illustrate 
the  development  of  a  southern  storm  system. 

In  Figure  349,  the  three  primary  cloud  systems  are 
noted.  The  vorticity  comma  cloud  (B)  is  partially 
hidden  under  the  baroclinic  zone  cloud  system  (A). 

Seven  hours  later,  the  IR  photo,  Figure  350,  shows  a 
notch  (noted  by  the  arrow)  on  the  western  side  of  the 
cloud  system.  The  notch  reflects  a  jet  stream  maximum 
which  propabiy  will  initiate  eye logenes i s .  In  the 
visible  picture  the  following  day,  Figure  331,  a  large 
disturbance  has  evolved.  Significant  precipitation 
occurred  over  a  large  area  from  the  Gulf  of  Mexico  to 
the  Ohio  Valley . _ 


Figure  349:  16312  19  January  1982 


Figure  330:  23302 


19  January  1981 


Figure  351 i 


1 9302 


20  January  1981 
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INDEX 


Ad vect ion  Jet ,  39 
Advection  Lobes,  40 
Alto-cumulus,  9 
Altostratus,  9 
Anomalous  Lines,  13 
Anvil  Cirrus,  11,13,25 
Arc  Clouds,  67,68 
At  t  enuat ion ,  1 


Baroclinic  Zone,  38 
Baroclinic  Zone  Cloud  System,  36 
Baroclinic  Zone  Cirrus,  21 
Baroclinic  Leaf,  37,44-47 
Baroclinic  Leaf  Evolution,  44 
Baroclinic  Leaf  Movement,  46 
Baroclinic  Leaf  Patterns,  44 
B i 1 low  Cirrus,  15 
Blocking  Pattern,  28 
Broad  Ridgeline,  29 


Channel  Jet,  39 
C ir ros t  rat  us ,  11 
Cirrus,  10 

Cirrus,  Baroclinic  Zone,  21 
Cirrus,  Deformation  Zone,  27 
Cirrus,  Lee-o f - the-Mount a  in ,  23 
Cirrus  Streaks,  15,23,79 
Closed  Cell  Cumulus,  14,22 
Cloud : 

Band  ,  5 
Element,  5 
Finger,  5 
Line ,  5,14 
Shield,  5 
Street  ,  5 

Cold  Air  Vortex  Cyclogenesis,  85,87 
Cold  Air  Thunderstorms,  32 
Cold  Terrain,  7 
Comma  Cloud  Systems,  49-61 
Blob  or  Band,  54 
Deformation  Zone,  27,36,50 
Development  and  Evolution,  49 
Invisible,  54 
..  rue t ure ,  50 
Thunderstorms,  57,58,61 
Convection,  Organized,  69 
Convective  Weather,  65-70 
Convergence,  High  Level,  62 
Convergence,  Low  Level,  65 
Cumulus,  9 
Cumulonimbus,  11 
Cutoff  Lows,  72-74 
Cyc logenes is ,  24,25,54-59,77-90 
Cyclogenesis  Patterns: 

Cold  Air  Vortex,  85-87 
Induced  Wave,  87-90 
Mer iond ional ,  79,80 
Split  Flow,  81-84 


Dark  Areas  (Moist  Areas),  i8 

Deformation  Zone,  Comma,  2 7 , 36, 5U , 73 , 74 

Deformation  Zone  Patterns,  6Z-64 

Distortion,  3 

Divergence,  50,65 

Dry  Slot s ,  71,84 

Dust ,  1  7 


Enhanced  Cumulus,  31,32 
Evolution,  Baroclinic  Leaf,  44,45 
Evolution,  Comma  Cloud,  49 


Fog,  8 

Frontal  Cloud  Band,  30 
Fronts,  Baroclinic  Leaf,  42 
Fronts,  Comma  Cloud,  54,72 


GOES  Legend ,  2 
Gray  Scale,  1 


Height  Contours,  39 


Induced  Wave  Cyc logenes i s , 87 , 90 
Intersecting  Boundaries,  67,68 


Jet  Stream,  20-27 
Jet  Stream: 

Advection,  39 

Baroclinic  Leaf,  41,43,46,47 
Channel ,  39 
Comma  Cloud,  51 
Maximum,  24,33,41,43,46,57,58 


Leaf  Cloud  Systems,  37 

Lee-of- the-Mount a i n  Cirrus,  23,37 

Li thometeor s ,  17 

Lobe,  Advection,  40 

Lobe,  Shear,  40 

Low  Clouds,  6 

Low-Level  Convergence,  65 

Low-Level  Moisture,  18 

Low-Level  Wind,  14,15 


Medium  Ridgeline,  29 
Meriondional  Cyclogenesis,  79,80 
Mesoscale  Convective  Complex,  69,70 
Middle  Cloud,  9 
Mountain  Wave  Clouds,  15 
Mountain  Wave  Turbulence,  12 
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Negative-Tilt  Troughs,  40 
NVA,  39 


Open  Cell  Cumulus,  14,22 
Outflow  Boundaries,  66-68 


Polar  Jet,  21,26 
Positive-Tilt  Trough,  33,79 
PVA ,  39,61 


Ridges,  28-30 
Ridge  Sharpness,  30 


"S"  Shape,  46,57 
Shadows ,  3,17,25 
Sharp  Ridgeline,  28 
Shear  Lobe,  40 
Smoke,  17 
Snow  Cover,  13 

Split  Flow  Cyclogenesis,  81,84 

St  rat ocumulus ,  6,14 

Stratus,  7,14,18 

Streaks,  Cirrus,  15,33,53,79 

Striations,  17 

Subtropical  Jet,  26,83 


Terrain,  7,19 

Thunderstorms ,  24,34,57-58,61,65-70 
Transverse  Cloud  Bands,  15,23-25 
Tropical  Storms,  75,76 
Trough : 

Deepening,  34 
Negative-Tilt,  40 
Positive-Tilt,  33 
Troughline,  30 
Turbulence,  12 


Upper  Flow  Patterns  79,81,85 
Upper  Level  Ridges,  28-30 
Upper  Level  Winds,  15 


"V"  Notch,  41-47 
Vort ic i ty : 

Advect ion-Comma  Cloud,  51 
Baroclinic  Leaf,  41 
Isopleths,  39 
Lobes,  40 


Wind  Direction,  Low-Level,  14 
Wind  Speed,  Di vergence/Convergence ,  24 
Wind  Speed,  Low-Level,  14,15 
Winter  Storm  Cloud  Patterns,  77-90 
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Errata  -  3WW/TN-81/001,  28  Dec  1981 


29  January  1982 


The  following  errors  have  been  noted.  Corrections,  in  the  form  of  page 
changes,  will  be  forthcoming. 

Page  36,  Figure  146:  Photo  in  backwards. 

Page  69,  Figure  278:  Photo  should  be  shown  in  Figure  279' s  location  and 
vice-versa. 

Pen  and  Ink  change:  Page  67,  Figure  271:  Change  time  and  date  to  read: 
1830Z  16  July  1981. 

Note:  Several  pictures  are  either  too  bright  or  too  dark;  we  will  attempt 
to  improve  these  pictures  with  subsequent  page  changes. 


CORRECTION  -  PACE  lb 

Cu  i-ilus  -  Open-cell  cumulus  cloud  shapes  are  even  better  for  determining 
;  1  r I  a c  e  and  lower-level  wind  speeds.  Figure  54  depicts  various  stages  or 
open-cell  cumulus  with  respect  to  wind  speeds.  If  the  cells  are  circular 
rh.i|e.  then  the  winds  are  less  than  ten  knots  (Figure  54a).  When  they  start 
|"  become  oval  shape,  the  winds  are  between  ten  and  twenty  knots  (Figure  54b). 
J.hen  the  cells  become  horseshoe  shaped,  the  surface  winds  are  between  twenty 
and  thirty  knots  (Figure  54c).  Finally,  when  the  cells  become  severely 
•  lonj'nted  (Figure  54d)  ,  the  winds  are  greater  than  thirty  knots.  In  Figure 
o,  an  enhanced  IR,  horseshoe-shaped,  open-cell  cumulus  are  recognizable 
v-ithin  the  cold,  cyclonic  flow  of  a  Great  Plains  storm  system  (see  related 
visible  photo,  Figure  50). 


